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BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix {BLOSUM62 f] gap open:|H gap extension: |l 
x_dropoff: [so expect:|lO OOOi wordsize: [? 7 Filter F J| 



~ similar to Endoplasmin precursor (Endoplasmic reticulum protein 99) (94 
Sequence |^ g62435 kDa glucose-regulated protein) (GRP94) (ERP99) (Polymorphic tumor 
rejection antigen 1) (Tumor rejection antigen gp96) [Rattus norvegicus] 



Sequence gi 



15030324 



Tumor rejection antigen gp96 [Mus musculus] 




Length 804 ^ 
Length 802 



NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1550 bits (4014), Expect = 0.0 

Identities = 788/805 (97%), Positives = 796/805 (97%), Gaps = 4/805 (0%) 



Query: 1 MRVLWVLGLCCVLLTFGFVRADDEVDVTCTV^IEDLGKSREGSRTDDEVVQREEEAIQLDG 60 

MRVLWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLiDG 
Sbjct: 1 MRVLWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLDG 60 

Query: 61 LNASQ I RELREK S EKF AFQAEVNRMMKL 1 1 NSLYKNKE I FLREL I SNASDALDK I RL I SL 120 

LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELI SNASDALDK IRL I SL 
Sbjct: 61 LNASQI RELREKSEKF AFQAEVNRMMKL I INSL YKNKE I FLREL I SNASDALDK I RL I SL 120 

Query: 121 TDENALAGNEELTVKIKCDREKNLLHVTDTGVGMTREELVKNLGTIAKSGTSEFLl'JKMTE 180 

TDENALAGNEELTVKIKCD+EKNLLHVTDTGVGMTREELVKNLGTIAKSGTSEFLNKMTE 
Sbjct: 121 TDENALAGNEELTVKIKCDKEKNLLHVTDTGVGMTREELVKNLGTIAKSGTSEFLNKMTE 180 

Query: 181 AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 
Sbjct: 181 AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

Query: 241 LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYWSSKTETVEEPLEEDETAQ 300 

LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDE A+ 
Sbjct: 241 LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDEAAK 300 

Query: 3 01 EEKEEADDEAAVEEEEEEKKPKTKKV^KTVWDWELMNDIKPIWQRPSKEV^EDEYKAFYK 360 
EEKEE+DDEAAVEEEEEEKKPKTKKV^KTVWDWEI^NDIKPIWQRPSKEV^EDEYKAFYK 
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Sb j ct : 301 EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 360 

Query: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 
Sbjct: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

Query: 421 DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 480 

DFHDMMPKYLNFVKGVVDSDDLPIJNrVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 
Sbjct: 421 DFHDMMPKYLNFWGVVDSDDLPIJSrVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 480 

Query: 481 NDTFWKEFGTNIKIiGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 540 

NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 
Sbjct: 481 NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 540 

Query: 541 MAGS SRKEAES S PFVERLLKKGYEVI YLTEPVDEYC I QAL PEFDGKRFQNVAKEGVKFDE 600 

MAGSSRKEAESSPFVERIiLKKGYEVIYXjTEPVDEYCIQAIiPEFDGKRFQNVAKEGVKFDE 
Sbjct: 541 MAGSSRKEAESSPFVERljLKKGYEVI YLTEPVDEYC IQAIiPEFDGKRFQNVAKEGVKFDE 600 

Query: 601 SEKSKESREATEKEFEPLLNWMKDKALKDKIEKAWSQRIiTESPCALVASQYGWSGNMER 660 

SEK+KESREATEKEF EPLLNWMKDKALKDK I EKAWSQRLTE S PC ALVASQYGWSGNMER 
Sbjct: 601 SEKTKESREATEKEFEPLLNWMKDKAIiKDKIEKAWSQRLTESPC ALVASQYGWSGNMER 660 

Query: 661 IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRVKEDEDDKTVMDLAVVLFET 720 

IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRR+KEDEDDKTVMDLAWLFET 
Sbjct: 661 IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVMDLAWLFET 72 0 

Query: 721 ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDTTEDTTDDSEQDE-E 779 

ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDT+E+ +DSEQDE E 
Sbjct: 721 ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDTSEE-AEDSEQDEGE 779 

Query: 780 ETDAGAEEEEEEQETEKEPTEKDEL 804 

E DAG EEEEE ETEKE TEKDEL 
Sbjct: 780 EMDAGTEEEEE- -ETEKE STEKDEL 802 

CPU time: 0.05 user sees. 0.00 sys. sees 0.05 total sees. 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 

Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 7160 

Number of extensions: 3828 

Number of successful extensions: 65 

Number of sequences better than 10.0: 1 

Number of HSP ' s better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 804 

Length of database: 666,719,865 

Length adjustment: 13 8 

Effective length of query: 666 

Effective length of database: 666,719,727 
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Effective search space: 444035338182 

Effective search space used: 444035338182 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix |BLOSUM62 J3 gap open:|l1L gap extension: |1 : 

x_dropoff: [50 expect:|ip.0pp! wordsize: |3 Filter T WSm 

Sequence 1 gi 44890631 Tumor rejection antigen (gp96) 1 [Homo sapiens] Length 803 (1 .. 803) 
Sequence 2 gi 15030324 Tumor rejection antigen gp96 [Mus musculus] Length 802 (1 .. 802) 

2 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1538 bits (3983), Expect = 0.0 

Identities = 775/803 (96%), Positives = 791/803 (97%), Gaps = 1/803 (0%) 



Query: 1 MRALWVLGLCCVTjLTFGSVRADDEVDVTXj^ 60 

MR LWVLGLCCVLLTFG VRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLLX3 
Sb j ct : 1 MRVLWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLDG 6 0 

Query: 61 LNASQIRELREKSEKFAFQAEVKRMMKLIINSLYKl^EIFLRELISNASDAIiDKIRLISL 120 

LNASQIRELREKSEKFAFQAEVTniMMKLIINSLYKNKEIFLREIiISNASDALDKIRL«ISL 
Sbj Ct : 61 LNASQIRELREKSEKFAFQAEvNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLlSL 120 

Query: 121 TDENALSGNEELTVKIKCDKEKNLLHVTDTGVGMTREELVKNIjGTIAKSGTSEFLNKMTE 180 

TDENAL+GNEELTVKIKCDKEKNLLHVTDTGV^ 
Sbjct: 121 TDENALAGNEELTVXIKCDKEKNTjLHVTDTGVGMTREEL^ 180 

Query: 181 AQEDGQSTSELIGQFGVGFYSAFLVADKVIWSKHNNDTQHIWESDSNEFSVIADPRGNT 2 40 

AQEIX^STSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 
Sbjct: 181 AQEIX^STSELIGQFGVGFYSAFLVADKVIVTSKHNNTJTQHIWESDSNEFSVIADPRGNT 240 

Query: 241 LGRGTTITLVLKEEASDYLELDTIKNLVKKYSQFINFPIYVWSSKTETVEEPMEEEEAAK 300 

LGRGTTITLVLKEEASDYLELDTIKNLV+KYSQFINFPIYVWSSKTETVEEP+EE+EAAK 
Sbjct: 241 LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYWSSKTETVEEPLEEDEAAK 3 00 

Query: 301 EEKEESDDEAAV^EEEEEKKPKTKKVBKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 3 60 

EEKEESDDEAAv^EEEEEKKPKTKKVBKTVWDWEtiM^^DIKPIWQRPSKEVEEDEYKAFY^ 
Sbjct: 301 EEKEESDDEAAVBEEEEEKKPKTKKVFIKTVWDWEI^MNDIKPIWQRPSKEVBEDEYKAFYK 3 60 

Query: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 
SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 
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Sbjct : 


361 


Query: 


421 


Sbjct : 


421 


Query: 


481 


Sbjct: 


481 


Query: 


541 


Sbjct: 


541 


Query: 


601 


Sbjct: 


601 


Query: 


661 


Sbjct : 


661 


Query: 


721 


Sbjct: 


721 


Query: 


781 


Sb j ct : 


780 



3 61 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

DFHDMMPKYI^FWGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKI ADDKY 480 
DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIAD+KY 
DFHDMMPKYLNFWGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKI ADEKY 480 

NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKEKQDKIYF 540 
NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHH TDITSLDQYVERMKEKQDKIYF 
NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 540 

MAGSSRKEAESSPFVERLIiKKGYEVI YLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 600 
MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 
MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 600 

SEKTKESREAVEKEFEPLLNWMKDKALKDKIEKAVVSQRIjTESPCALVASQYGWSGNMER 660 
SEKTKESREA EKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGWSGNMER 
SEKTKESREATEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGWSGNMER 660 

IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDLAVVLFET 720 
IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTV+DLAVVLFET 
IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVMDLAVVLFET 720 

ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDEDE 7 80 
ATLRSGYLLPDTKAYGDRIERMLRLSLNIDP+A+VEEEPEEEPE+T+E+ ED+EQDE E 
ATLRSGYIiLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDTSEE-AEDSEQDEGE 779 

EMDVGTDEEEETAKESTAEKDEL 803 
EMD GT+EEEE + + + EKDEL 
EMDAGTEEEEEETEKESTEKDEL 802 

CPU time: 0.05 user sees. 0.01 sys . sees 0.06 total sees 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 

Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 7092 

Number of extensions: 3 817 

Number of successful extensions: 61 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP ' s gapped : 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 803 

Length of database: 666,719,865 

Length adjustment: 13 8 

Effective length of query: 665 

Effective length of database: 666,719,727 

Effective search space: 443368618455 

Effective search space used: 443368618455 

Neighboring words threshold: 9 

Window for multiple hits: 0 
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XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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NCBI 



Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix | BLOSUM62^ 

gap open:|l| gap extension: |l j 

x.dropoff: |50 expect :|10.00CM wordsize: |3 Filter T lilfcll 



Sequence gi 



similar to Endoplasmin precursor (Endoplasmic reticulum protein 99) (94 



34862435 kDa g lucose - re g ulated protein) (GRP94) (ERP99) (Polymorphic tumor 
A rejection antigen 1) (Tumor rejection antigen gp96) [Rattus norvegicus] 

Sequence Tumor rejection antigen (gp96) 1 [Homo sapiens] 



Length 804 ^ 
Length 803 ^ 



1 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1527 bits (3954), Expect = 0.0 

Identities = 773/806 (95%), Positives = 790/806 (97%), Gaps = 5/806 (0%) 




Query: 1 MRVLWVLGLCCVLLTFGFVRADDEVDVIX3TVEEDLGKSREGSRTDDEVVQREEEAIQLDG 60 

MR LWVLGLCCVLLTFG VRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 
Sbjct: 1 MRALWVLGLCCVLLTFGSVRADDEVDVIX3TVEEDLGKSREGSRTDDEVVQREEEAIQLDG 60 

Query: 61 LNASQIREIiREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 120 

LNASQIREIiREKSEKFAFQAEVNRMMKIjIINSLYKNKEIFIiRELISNASDALDKIRIjISL 
Sbjct: 61 LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 120 

Query: 121 TDENAIiAGNEELTVKIKCDREKNLLHVTDTGVGMTREELVKNIiGTIAKSGTSEFLNKMTE 180 

TDENAL+GNEELTVKIKCD+EKNLLHVTDTGVGMTREELVKNIjGTIAKSGTSEFLNKMTE 
Sbjct: 121 TDENALSGNEELTVKIKCDKEKNLLHVTDTGVGMTREELVKNLGTIAKSGTSEFLNKMTE 180 

Query: 181 AQEIX3QSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

AQEIX3QSTSELIGQFGVGFYSAFLVADKVIWSKHNNDTQHIWESDSNEFSVIADPRGNT 
Sbjct: 181 AQEIX5QSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

Query: 241 LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDETAQ 3 00 

LGRGTT I TL VLKEEASD YLrELDT I KNLV+ K Y SQF INF P I YVWS SKT ETVEE P + EE + E A+ 
Sbjct: 241 LGRGTT ITLVLKEEASDYLELDTIKNLVKKYSQF INF PI YVWSSKTETVEEPMEEEEAAK 3 00 

Query: 301 EEKEEADDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 3 60 
EEKEE+DDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 
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Sbjct: 301 EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 360 

Query: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 
Sbjct: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

Query: 421 DFHDMMPKYT^NFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 480 

DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIAD+KY 
Sbjct: 421 DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADDKY 480 

Query: 481 NDTFV^EFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 540 

NDTFWKEFGTNI KLGVI EDH SNRTRLAKLLRFQS SHH TD I T SLDQYVERMKEKQDK I YF 
Sbjct: 481 NDTFWKEFGTNIKLGVI EDH SNRTRLAKLLRFQS SHH PTDITSLDQYVERMKEKQDKIYF 540 

Query: 541 MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 600 

MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 
Sbjct: 541 MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 600 

Query: 601 SEKSKESREATEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGWSGNMER 660 

SEK+KESREA EKEFEPLLNWMKDKALKDKIEKAVVSQRLTESPCALVASQYGWSGNMER 
Sbjct: 601 SEKTKESREAVEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGWSGNMER 660 

Query: 661 IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRVKEDEDDKTVMDLAVVLFET 720 

IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRR+KEDEDDKTV+DLAVVLFET 
Sbjct: 661 IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDLAWLFET 720 

Query: 721 ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDTTEDTTDDSEQDE-E 779 

ATLRSGYLL PDTKAYGDR I ERMLRL SLNI D P + A+ VEEE PEEE PE + T EDTT+D+EQDE E 
Sbjct: 721 ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDEDE 780 

Query: 780 ETDAGAEEEEEEQETEKEPT-EKDEL 804 

E D G +EEE ET KE T EKDEL 
Sbjct: 781 EMDVGTDEEE ETAKESTAEKDEL 803 

CPU time: 0.05 user sees. 0.01 sys . sees 0.06 total sees. 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 

Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences : 1 

Number of Hits to DB: 7146 

Number of extensions: 3810 

Number of successful extensions: 63 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 804 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 666 

Effective length of database: 666,719,727 
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• 

Effective search space: 444035338182 

Effective search space used: 444035338182 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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j> NCBI 



PubMed 



Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix |BLOSUM62 >| gap open:|l1 I gap extension: |l i 

x_dropoff : |50 J expect:|j 0.000; wordsize: |3 - Filter T 

Sequence gi heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 

1 40254816 [Homo sapiens] 

Sequence . . . 1Cilk oA ^ eat s ^ock protein HSP 90-alpha (HSP 86) (Tumor specific 

2 gl transplantation 86 kDa antigen) (TSTA). 




Length 732 
Length 733 



NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1436 bits (3717), Expect = 0.0 

Identities = 725/733 (98%), Positives = 731/733 (98%), Gaps = 1/733 (0%) 



Query: 1 

Sbjct: 1 
Conflict 7 
modified 7 
modified 5 
HSPCA 1 



MPEETQTQDQPMEEEEVETFAFQAEIAQLMSL I INTFYSNKEI FLRELI SNS SDALDKIR 6 0 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLI INTFYSNKEI FLRELI SNSSDALDKIR 60 



* 
* 



++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



Query: 61 YETLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 

YE+LTDPSKLDSGKELHINLIP+KQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 
Sbjct: 61 YESLTDPSKLDSGKELHINLIPSKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 
HSPCA 61 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 121 ALQ AGADI SMIGQFGVGF YS AYLVAEKVTVI TKHNDDEQ YAWE S S AGGS FTVRTDTGE PM 180 

ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 
Sbjct: 121 ALQAGADI SMI GQFGVGFYS AYLVAEKVTVI TKHNDDEQ YAWESSAGGSFTVRTDTGEPM 180 
HSPCA 121 ++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKED 240 

GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKE+ 
Sbjct: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 
modified 231 * 
HSPCA 181 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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Query: 241 KEEEKEKEEKESEDKPEIEDVGSDEEEE-KKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 299 

KEEEKEKEEKES+DKPEIEDVGSDEEEE KKDGDKKKKKK IKEKY I DQEELNKTK PIWTR 
Sbjct: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 3 00 
modified 263 * 
Conflict 243 **** 

HSPCA 241 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query : 3 00 NPDDITNEEYGEFYKSLTNDWEDHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 3 59 

NPDDITNEEYGEFYKSLTNDWE+HLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 
Sbjct: 301 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 360 
Conflict 356 * 
HSPCA 3 01 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 3 60 N I KL YVRRVF I MDNC EEL I PE YLNF I RG WD S EDL PLN I S REMLQQ SK I LKVI RKNL VKK 419 

NIKLYVRRVFIMDNCEELI PEYLNFIRGWDSEDLPLNI SREMLQQSKILKVIRKNLVKK 
Sbjct: 3 61 NIKLYVRRVFIMDNCEELI PEYLNFIRGVVDSEDLPLNI SREMLQQSKILKVIRKNLVKK 42 0 
HSPCA 3 61 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 420 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 479 

CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 
Sbjct: 421 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 
HSPCA 421 + +++ + + + + + + + + + + + + + + + + + + + + + 4- + +++ + + + + +++^ 

Query: 480 YCTRMKENQKHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 539 

YCTRMKENQKHIY+ITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 
Sbjct: 481 YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 
HSPCA 481 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 540 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 599 

TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 
Sbjct : 541 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 
HSPCA 541 ++++++++++++++++++++++++++++++++++++++ +^ 

Query: 600 VT S T YGWT ANMER IMKAQ ALRDNS TMG YMAAKKHLE I NPDH S 1 1 ETL RQK AE ADKNDK S V 659 

VTSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSV 
Sbjct: 601 VTS T YGWT ANMER IMKAQALRDNS TMG YMAAKKHLE I NPDH S 1 1 ETLRQKAEADKNDKS V 660 
HSPCA 601 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 660 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPPL 719 

KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPT DDTSAAVTEEMPPL 
Sbjct: 661 KDLVI LLYETALL S SGF SLEDPQTHANR I YRMIKLGLGI DEDDPTVDDT S AAVTEEMPPL 720 
HSPCA 661 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 720 EGDDDTSRMEEVD 732 

EGDDDTSRMEEVD 
Sbjct: 721 EGDDDTSRMEEVD 733 
HSPCA 721 +++++++++++++ 

CPU time: 0.04 user sees. 0.00 sys. sees 0.04 total sees. 

Lambda K H 



0.312 



0.131 



0.361 



Gapped 
Lambda 
0.267 



K 

0.0410 



H 



0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 
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lumber of Sequences : 1 

lumber of Hits to DB: 5682 

Fumber of extensions: 3005 

rumber of successful extensions: 65 

lumber of sequences better than 10.0: 1 

fumber of HSP's better than 10.0 without gapping: 1 

fumber of HSP's gapped: 1 

fumber of HSP's successfully gapped: 1 

fumber of extra gapped extensions for HSPs above 10.0: 0 

.ength of query: 732 

.ength of database: 666,719,865 

.ength adjustment: 137 

Iffective length of query: 595 

iffective length of database: 666,719,728 

Iffective search space: 396698238160 

Iffective search space used: 396698238160 

eighboring words threshold: 9 

'indow for multiple hits: 0 

1: 16 ( 7.2 bits) 

2 : 129 (50.0 bits) 

3: 129 (50.0 bits) 

1: 42 (22.0 bits) 

2: 80 (35.4 bits) 
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Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 
Matrix |BLOSUM62 M\ gap open:|lJ j gap extension: (l 



Matrix |BLOSUM62 Ml gap open:|1J j gap extension: |1 j 

x„dropoff; |50 I expect:| 10- OOOi wordsize: |3 j Filter C: I 



Sequence S^^^ Heat shock protein 1, alpha [Rattus norvegicus] 



Sequence 
2 



• idWA Heat shock P rotein HSP 90-alpha (HSP 86) (Tumor specific 
gi 11/UJS4 transplantation 86 ^Da antigen) (TSTA). 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1450 bits (3754), Expect = 0.0 

Identities = 732/733 (99%), Positives = 733/733 (99%) 



Length 733 
Length 733 j$3) 



Query : 

Sbjct: 

Conflict 

modified 

modified 

HSPCA 

Query : 

Sbjct: 
HSPCA 

Query: 

Sbjct: 
HSPCA 

Query: 

Sbjct: 

modified 

HSPCA 



1 
7 
7 
5 
1 



MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDAIiDKIR 60 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 
MPEETQTQDQPMEEEEVETF AFQAEI AQLtMSL I INTF YSNKE I FLRELI SNS SD ALDK I R 60 



* 
+ 



++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



61 YESLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 12 0 

YESLTDPSKLDSGKELHINLIP+KQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 
61 YESLTDPSKLDSGKELHINLIPSKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 12 0 
61 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

121 ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 180 

ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 
121 ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 180 
121 ++++++++++++++++++++++++++++++ +++++++++++^ 

181 GRGTKVI LHLKEDQTE YLEERR I KE I VKKH SQF IGYPI TLFVEKERDKEVSDDEAEEKEE 240 

GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 
181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 
231 

181 ++++++++++++++++++++++++++++++++++++++++++^ 
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Query: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 300 

KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 
Sbjct: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 300 
modified 263 * 
Conflict 243 **** 

HSPCA 241 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 301 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 360 

NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 
Sbjct: 3 01 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 3 60 
Conflict 356 * 
HSPCA 3 01 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 361 NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNIiVKK 420 

NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNIiVKK 
Sbjct: 361 NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKK 420 
HSPCA 3 61 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 421 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 

CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 
Sbjct: 421 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 
HSPCA 421 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 481 YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 

YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 
Sbjct: 481 YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 
HSPCA 481 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 541 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 

TLVSWKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 
Sbjct: 541 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 
HSPCA 541 ++++++++++++++++++++++++++ +++++++++++++^ 

Query: 601 VT S T YGWT ANMER IMKAQ ALRDNS TMG YMAAKKHL E I NPDH S 1 1 ETLRQK AEADKNDK S V 660 

VTSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSV 
Sbjct: 601 VT S T YGWT ANMER I MKAQ ALRDNS TMG YMAAKKHL E INPDH S 1 1 ETLRQKAE ADKNDK S V 660 
HSPCA 601 +++++++++++++++++++++++++++++++++++ ++++++++^ 

Query: 661 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 720 

KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 
Sbjct: 661 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 720 
HSPCA 661 ++++++++++++++++++++++++++ ++++++++++++++++^ 

Query: 721 EGDDDTSRMEEVD 733 

EGDDDT SRMEEVD 
Sbjct: 721 EGDDDT SRMEEVD 733 
HSPCA 721 +++++++++++++ 

CPU time: 0.04 user sees. 0.01 sys . sees 0.05 total sees. 

Lambda K H 



0.312 



0.131 



0.360 



Gapped 
Lambda 
0.267 



K 

0.0410 



H 



0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 
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Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Number 
Length 
Length 
Length 
Effective 
Effective 



Sequences : 1 
Hits to DB: 5739 
extensions : 3027 
successful extensions: 71 
sequences better than 10.0: 1 
HSP's better than 10.0 without gapping: 1 
HSP's gapped: 1 
HSP's successfully gapped: 1 

extra gapped extensions for HSPs above 10.0: 0 
query: 733 

database: 666, 719, 865 
adjustment: 137 

length of query: 596 
length of database: 666,719,728 



of 
of 
of 
of 
of 
of 
of 
of 
of 
of 
of 



Effective search 
Effective search 
Neighboring words threshold: 
Window for multiple hits : 0 
XI: 16 ( 7.2 bits) 
X2: 129 (50.0 bits) 
X3: 129 (50.0 bits) 
SI: 42 (22.0 bits) 
S2: 80 (35.4 bits) 



space: 397364957888 
space used: 397364957888 
9 



http://www.ncbi.nlm.nih.govA)last/bl2seq/wblast2.cgi?0 



8/16/2004 



Blast Result 



Page 1 of 3 



NCBI 
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PubMed 
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BLAST 



OMIM 
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Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2,9 [May-01-2004] 



Matrix |BLOSUM62 :!*J gap open:|j1 : gap extension: |j 

x_dropoff: |50 J expect:| 10-00 0? wordsize: |3 j Filter (~ \ 



Sequence gi heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 

1 40254816 [Homo sapiens] 

Sequence |^ 734827 Heat shock protein 1, alpha [Rattus norvegicus] 



'** " * " " ^^^^Al 




Length 732 
Length 733 y$3) 



NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1438 bits (3722), Expect = 0.0 

Identities = 726/733 (99%), Positives = 731/733 (99%), Gaps = 1/733 (0%) 



Query: 1 MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 

MPEETQTQDQ PMEEE EVETF AFQAE I AQLMSL I I NTF YSNKE I FLREL I SNS SDALDK I R 
Sbjct : 1 MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 

Query: 61 YETLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLiGTIAKSGTKAFME 120 

YE+LTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLiGTIAKSGTKAFME 
Sbjct: 61 YESLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 

Query: 121 ALQAGADI SMIGQFGVGFYSAYLVAEKVTVI TKHNDDEQYAWESSAGGSFTVRTDTGEPM 180 

ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 
Sbjct: 121 ALQAGADI SMI GQFGVGF YS AYLVAEKVTVI TKHNDDEQYAWES S AGGS FTVRTDTGE PM 180 

Query: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKED 240 

GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKE+ 
Sbjct: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 

Query: 241 KEEEKEKEEKESEDKPEIEDVGSDEEEE-KKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 2 99 

KEEEKEKEEKES+DKPEIEDVGSDEEEE KKDGDKKKKKK I KEKY I DQE ELNKTK P I WTR 
Sbjct: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 300 

Query: 300 NPDDITNEEYGEFYKSLTNDWEDHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 3 59 

NPDDITNEEYGEFYKSLTNDWE+HLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 
Sbjct: 301 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 360 
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Query: 


360 


Sbjct : 


361 


Query : 


420 


Sbjct: 


421 


Query: 


480 


Sbjct: 


481 


Query : 


540 


Sbjct: 


541 


Query: 


600 


Sbjct: 


601 


Query: 


660 


Sbjct: 


661 


Query : 


720 


Sbjct: 


721 


CPU time: 


Lambda 





NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKK 



CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 



YCTRMKENQKHIY+ITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 



TLVS VTKEGLEL PEDEEEKKKQEEKKTKFENLCK IMKD I LEKKVEKVWSNRLVT SPCCI 



VTSTYGOTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSV 



KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPT DDTSAAVTEEMPPL 



EGDDDTSRMEEVD 



0.312 



0.06 user sees 

K H 
0.131 0.361 



0.00 sys . sees 



0.06 total sees 



Gapped 
Lambda 
0.267 



K H 
0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences : 1 

Number of .Hits to DB: 5690 

Number of extensions: 3010 

Number of successful extensions: 65 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 

Length of query: 732 

Length of database: 666,719,865 

Length adjustment: 137 

Effective length of query: 595 

Effective length of database: 666,719,728 

Effective search space: 396698238160 

Effective search space used: 396698238160 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 
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3: 129 (50.0 bits) 
II: 42 (22.0 bits) 
!2: 80 (35.4 bits) 
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PubMed 
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BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix | BLOSUM62 jjr,| gap open:|H "1 gap extension: |1 j 
x_dropoff : |50 j expect|l£00pj wordsize: |3 j Filter T P>¥i9"1 



Sequence gi 

1 40254816 

Sequence gi 

2 44890631 



heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 
[Homo sapiens] 

Tumor rejection antigen (gp96) 1 [Homo sapiens] 

2 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 638 bits (1645), Expect = 0.0 

Identities = 344/729 (47%), Positives = 479/729 (65%), Gaps = 27/729 (3%) 



Length 732 
Length 803 



Query : 15 EEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIRYETLTDPSKLDSGK 74 

E+ E FAFQAE+ ++M LIIN+ Y NKEIFLRELISN+SDALDKIR +LTD + L + 
Sbjct: 71 EKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISLTDENALSGNE 130 

Query: 75 ELH INL I PNKQDRTLT I VDTG IGMTKADL INNLGT I AKSGTKAFM EALQAGADIS- 129 

EL + + +K+ L + DTG+GMT+ +L+ NLGTIAKSGT F + EA + G S 

Sbjct: 131 ELTvXIKCDKEKNLLHVTDTGVG^^?REELVKNLGTIAKSGTSEFLNKMTEAQEDGQSTSE 190 

Query: 130 MIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPMGRGTKVILH 189 

+IGQFGVGFYSA+LVA+KV V +KHN+D Q+ WES + + G +GRGT + L 

Sbjct: 191 LIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNTLGRGTTITLV 2 50 

Query: 190 LKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEDKEEEKEKEE 2 49 

LKE+ ++YLE IK +VKK+SQFI + PI ++ K E E+ +EEE KEE 

Sbjct: 251 LKEEASDYLELDTIKNLVKKYSQFINFPIYVWSSKT ETVEEPMEEEEAAKEE 302 

Query: 250 KESEDKPEIEDVGSDEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTRNPDDITNEEY 309 

KE D ++ +EEEE+K K K KK+++ D E +N KPIW R ++ +EY 
Sbjct: 303 KEESD DEAAVEEEEEEK KPKTKKVT2KTVWDWELMNDIKPIWQRPSKEVEEDEY 355 

Query: 310 GEFYKSLTNDV^DHLAVKHFSVEGQLEFRALLFVPRRAPFDLFEN--RKKKNNIKLYVRR 367 

FYKS + + +D +A HF+ EG++ F+++LFVP AP LF+ KK + IKLYVRR 

Sbjct: 356 KAFYKSFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRR 415 



http://www.ncbi.nlm.nih.govA)last/bl2seq/wblast2.cgi?0 



8/16/2004 



Blast Result 



Page 2 of 3 



Query: 368 WIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKKCLELFTEL 427 

VFI D+ + + + P+ YLNF + +GWDS +DLPLN+ SRE LQQ K+LKVIRK LV+K L++ + + 
Sbjct: 416 WITDDFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKI 475 

Query: 428 AEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKEN 487 

A+DK N F+ ++F NIKLG+ ED NR +L++LLR+ +S ++ SL Y RMKE 

Sbjct: 476 ADDKYN-DTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKEK 534 

Query: 488 QKHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTKE 547 

Q IY++ G ++ + +S FVERL K G EVTY+ EP+DEYC+Q L EF+GK +V KE 
Sbjct: 53 5 QDKIYFMAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKE 594 

Query: 548 GLELPEDEEEKKKQEEKKTKFENLCKIMKD- ILEKKVEKVWSNRLVTSPCC IVTSTYGW 606 

G++ E E+ K+ +E + +FE L MKD L+ K+EK WS RL SPC +V S YGW 
Sbjct: 595 GVKFDESEKTKESREAVEKEFEPLLNWMKDKJ^KDKIEKAWSQRLTESPCALVASQYGW 654 

Query: 607 TANMERIMKAQAL RDNSTMGYMAAKKHLE INPDH S 1 1 ETLRQKAEADKNDK S VKDLV 663 

+ NMERIMKAQA +D ST Y + KK EINP H +1 + ++ + D++DK+V DL 

Sbjct: 65 5 SGN14ERIMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDLA 714 

Query: 664 ILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPPLEGDD 723 

++L+ETA L SG+ L D + + +RI RM++L L ID D ++ E D 

Sbjct: 715 WLFETATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDT 774 

Query: 724 DTSRMEEVD 732 

+ EE+D 
Sbjct: 77 5 EQDEDEEMD 783 

Score = 3 5.4 bits (80), Expect = 8.6 

Identities = 21/73 (28%), Positives = 38/73 (51%), Gaps = 2/73 (2%) 



Query: 208 KKHSQFIGYPITLFVEKERDKEVSDDEAEEKEDKEEEKEKEEKESEDKPEIEDVGSDEEE 2 67 

K + I + L + + D +V ++ EE E+ E+ ++ ++ ED E DVG+DEEE 
Sbjct: 733 KAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDED — EEMDVGTDEEE 790 

Query: 268 EKKDGDKKKKKK I 280 

E +K + + 

Sbjct: 791 ETAKESTAEKDEL 803 

CPU time: 0.08 user sees. 0.00 sys . sees 0.08 total sees 

Lambda K H 

0.312 0.131 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences : 1 

Number of Hits to DB: 5882 

Number of extensions: 3409 

Number of successful extensions: 66 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 5 
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lumber of HSP's successfully gapped: 2 

lumber of extra gapped extensions for HSPs above 10.0: 0 

length of query: 732 

,ength of database: 666,719,865 

rength adjustment: 137 

Iffective length of query: 595 

Iffective length of database: 666,719,728 

Iffective search space: 396698238160 

Iffective search space used: 396698238160 

feighboring words threshold: 9 

'indow for multiple hits: 0 

:i: 16 ( 7.2 bits) 

:2: 129 (50.0 bits) 

3: 129 (50.0 bits) 

1: 42 (22.0 bits) 

:2: 80 (35.4 bits) 
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Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 



Matrix {BLOSLJM62 gap open:|lJ | gap extension: 

x_dropoff: |50 J expect:|l0 OOOi wordsize: |3 1 Filter r i Mm I 



Sequence 1 gi 44890631 Tumor rejection antigen (gp96) 1 [Homo sapiens] Length 803 (1 .. 803) 
Sequence 2 gi 48734827 Heat shock protein 1, alpha [Rattus norvegicus] Length 733 (1 733) 

2 




NOTErThe statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 641 bits (1654), Expect = 0.0 

Identities = 346/730 (47%), Positives = 482/730 (65%), Gaps = 28/730 (3%) 



Query: 
Sbjct : 
Query: 
Sbjct: 
Query: 
Sbjct : 
Query: 
Sbjct : 
Query: 
Sbjct : 
Query: 
Sbjct : 
Query: 



71 EKSEKFAFQAEWRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISLTDENALSGNE 130 

E+ E FAFQAE+ ++M LIIN+ Y NKEIFLRELISN+SDALDKIR SLTD + L + 
15 EEVETFAFQAEI AQLMSLI INTFYSNKEIFLRELI SNSSDALDKIRYESLTDPSKLDSGK 74 

131 ELTVKIKCDKEKNIjLHvTDTGVGMTREELVKNIjGTIAKSGTSEFLNKMTEAQEDGQSTSE 190 

EL + + +K+ L + DTG+GMT+ +L+ NLGTIAKSGT F+ EA + G S 

75 ELHINltlPNKQDRTLTIVDTGIGMTKADLINNLiGTIAKSGTKAFM EALQAGADIS- 129 

191 LIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNTLGRGTTITLV 2 50 

+IGQFGVGFYSA+LVA+KV V +KHN+D Q+ WES + + G +GRGT + L 

13 0 MIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPMGRGTKVILH 189 



2 51 LKEEASDYLELDTIKNLVKKYSQFINFPIYVWSSKT- 
LKE+ ++YLE IK +VKK+SQFI +PI ++ K 



-ETVEEPMEEEEAAKEEK 303 
+ EE E+EE ++E+ 



190 LKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEEKEEEKEKEE 249 

304 EESDDEAAVE EEEEEKKP KTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDE 354 

+ESDD+ +E EEEEEKK K KK+++ D E +N KPIW R ++ +E 

250 KESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTRNPDDITNEE 309 

355 YKAFYKSFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVR 414 

Y FYKS + + ++ +A HF+ EG++ F+++LFVP AP LF+ KK + IKLYVR 

310 YGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFEN--RKKKNNIKLYVR 3 67 

415 RWITDDFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKK 474 
RVFI D+ + ++P+YLNF++GWDS+DLPLN+SRE LQQ K+LKVIRK LV+K L++ + 
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Sbjct: 368 RVFIMDNCEELIPEYLNFIRGWDSEDLPLNISREMLQQSKILKVIRKNIjVKKCLELFTE 427 

IADDKYN-DTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKE 533 
+A+DK N F+ + +F NIKLG+ ED NR +L++LLR+ + S ++ SL Y RMKE 



Q IYF+ G ++ + +S FVERL K G EVIY+ EP+DEYC+Q L EF+GK +V K 



EG+ + E E+ K+ +E + +FE L MKD L+ K+EK WS RL SPC +V S YG 



W+ NMERIMKAQA +D ST Y + KK EINP H +1 + ++ + D++DK+V DL 



++L+ETA L SG+ L D + + +RI RM++L L ID D ++ 



EE+D 



Sbjct: 


368 


Query: 


475 


Sbjct: 


428 


Query : 


534 


Sbjct: 


488 


Query: 


594 


Sbjct: 


548 


Query: 


654 


Sbjct: 


607 


Query: 


714 


Sbjct: 


664 


Query: 


774 


Sbjct : 


724 


Score 


= 38 


Identities 


Query : 


733 


Sbjct : 


208 


Query : 


791 


Sbjct: 


268 



K + I + L + + D +V ++ EE EE E+ ++ ++ +D E DVG+DEEE 



K+ +K 



CPU time: 0.11 user sees. 0.01 sys . sees 0.12 total sees 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 5960 

Number of extensions: 3415 

Number of successful extensions: 68 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 16 

Number of HSP's successfully gapped: 2 

Number of extra gapped extensions for HSPs above 10.0: 0 
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Length of query: 803 

Length of database: 666,719,865 

Length adjustment: 13 8 

Effective length of query: 665 

Effective length of database: 666,719,727 

Effective search space: 443368618455 

Effective search space used: 443368618455 

Neighboring words threshold: 9 

Window for multiple hits: 0 



XI: 


16 


{ 7.2 bits) 


X2: 


129 


(50.0 bits) 


X3: 


129 


(50.0 bits) 


SI: 


42 


(22.0 bits) 


S2: 


80 


(35.4 bits) 



http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi?0 



8/16/2004 



Blast Result 



Page 1 of 3 



Blast 2 Sequences results 

PubMed Entrez BLAST OMIM Taxonomy 



NCBI 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix BLOSUM62 M gap open:|lj ! gap extension: M j 

x__dropoff: |50 j expect:|l<M)Oa wordsize: |3 j Filter C [ Align | 

Sequence 8 1 Tumor rejection antigen (gp96) 1 [Homo sapiens] 

1 44oWo 3 1 

Sequence . 7m o A Heat shock protein HSP 90-alpha (HSP 86) (Tumor specific 

2 gl 117U3M transplantation 86 kDa antigen) (TSTA). 

2 




NOTE: The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 641 bits (1653), Expect = 0.0 

Identities = 346/730 (47%), Positives = 481/730 (65%), Gaps = 28/730 (3%) 



Length 803 
Length 733 j^3) 



Query : 


71 


Sbjct : 


15 


HSPCA 


15 


Query: 


131 


Sbjct: 


75 


HSPCA 


75 


Query: 


191 


Sbjct: 


130 


HSPCA 


130 


Query: 


251 


Sbjct: 


190 


HSPCA 


190 


modified 


231 


Conflict 


243 


Query: 


304 



EK S EKF AFQAEVNRMMKL 1 I NSL YKNKE I FLREL I SNASDALDK I RL I SLTDENAL SGNE 130 
E+ E FAFQAE+ ++M LIIN+ Y NKEIFLRELISN+SDALDKIR SLTD + L + 
EEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIRYESLTDPSKLDSGK 74 
++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++ 

ELTVKIKCDKEKNLLHVTDTGVGMTREELVKNXiGTIAKSGTSEFLNKMTEAQEDGQSTSE 190 
EL + + K+ Li + DTG+GMT+ +L+ NLGTIAKSGT F+ EA + G S 

ELH INL I P SKQDRTLT I VDTG I GMTKADL INNLGTI AKSGTKAFM E ALQ AG AD IS- 129 

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +++ + + + + + + + + + + + + + + + + 

LIGQFGVGF Y S AFLVADKVI VT SKHNNDTQH I WE SDSNEF S VI ADPRGNTLGRGTT I TLV 250 
+IGQFGVGFYSA+LVA+KV V +KHN+D Q+ WES + + G +GRGT + L 

MIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPMGRGTKVILH 189 
+++++ + + + ++ + ++ ++ + +++ + + + +++++++++++++++^ 

LKEEASDYLELDTIKNLVKKYSQFINFPIYVWSSKT ETVEEPMEEEEAAKEEK 3 03 

LKE+ + +YLE IK +VKK+SQFI +PI ++ K + EE E+EE ++E+ 

LKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEEKEEEKEKEE 249 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

* 



EESDDEAAVE- 
+ESDD+ +E 



-EEEEEKKP KTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDE 3 54 

EEEEEKK K KK+ + + D E +N KPIW R ++ +E 
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Sbjct: 250 KESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTRNPDDITNEE 309 
HSPCA 250 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
modified 263 * 



Query: 355 YKAFYKSFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVR 414 

Y FYKS + + ++ +A HF+ EG+ + F+++LFVP AP LF+ KK + IKLYVR 

Sbjct: 310 YGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFEN--RKKKNNIKLYVR 3 67 
HSPCA 310 ++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++ 
Conflict 356 * 



Query: 415 RVFITDDFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKK 474 

RVFI D+ + ++P+YLNF ++GWDS+DLPLN+SRE LQQ K+LKVIRK LV+K L++ + 
Sbjct: 368 RWIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNIjVKKCLELFTE 427 
HSPCA 368 ++++++++++++++ +++++++++++++++++++++++^ 

Query: 475 IADDKYN-DTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKE 533 

+A+DK N F+ ++F NIKLG+ ED NR +L++LLR+ +S ++ SL Y RMKE 

Sbjct: 428 LAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKE 4 87 
HSPCA 428 ++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++ 

Query: 534 KQDKIYFMAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAK 593 

Q IYF+ G ++ + +S FVERL K G EVIY+ EP+DEYC+Q L EF+GK +V K 
Sbjct: 488 NQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTK 547 
HSPCA 488 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 594 EGVKFDESEKTKESREAVEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYG 653 

EG++ E E+ K+ +E + +FE L MKD L+ K+EK WS RL SPC +V S YG 
Sbjct: 548 EGLELPEDEEEKKKQEEKKTKFE^^CKIMKD-ILEKKVEKVVVSNRLVTSPCCIVTSTYG 606 
HSPCA 548 +++++++++++++++++++++++++++++++ ++++++++++++++++++++++++++++ 

Query: 654 WSGNMERIMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDL 713 
W+ NMERIMKAQA- +D ST Y + KK EINP H +1 + ++ + D++DK+V DL 

Sbjct: 607 WTANMERIMKAQAL RDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSVKDL 663 

HSPCA 607 ++++++++++++++ +++++++++++++++++++++++++++++++++++++++++++ 

Query: 714 AWIiFETATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTED 773 

++L+ETA L SG+ L D + + +RI RM++L L ID D ++ E D 

Sbjct: 664 VILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPLEGD 723 
HSPCA 664 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 



Query : 774 

Sbjct: 724 
HSPCA 724 



TEQDEDEEMD 783 

+ EE+D 
DDTSRMEEVD 733 
++++++++++ 



Score = 3 8.5 bits (88), Expect =1.1 
Identities = 22/70 (31%), Positives = 38/70 



53%) , Gaps = 2/70 (2%) 



Query: 733 KAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDED- - EEMDVGTDEEE 790 

K + I + L + + D +V ++ EE EE E+ ++ ++ +D E DVG+DEEE 

KKHSQFIGYPITLFVEKERDKEVSDDEAEEKEEKEEEKEKEEKESDDKPEIEDVGSDEEE 267 

* * * * 



Sbjct: 
Conflict 
modified 
HSPCA 
modified 



208 
243 
231 
208 
263 



++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

★ 



Query: 791 ETAKESTAEK 800 
E K+ +K 
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Sbjct : 
HSPCA 



2 68 EEKKDGDKKK 277 
268 ++++++++++ 



CPU time: 



0.10 user sees. 



0.00 sys . sees 



0.10 total sees. 



Lambda 
0.312 



K 



0.130 



H 



0.361 



Gapped 
Lambda 
0.267 



K 

0.0410 



H 



0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 5958 

Number of extensions: 3413 

Number of successful extensions: 68 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 16 

Number of HSP's successfully gapped: 2 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 803 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 665 

Effective length of database: 666,719,727 

Effective search space: 443368618455 

Effective search space used: 443368618455 

Neighboring words threshold: 9 

Window for multiple hits: 0 



XI: 


16 


{ 7.2 bits) 


X2 : 


129 


(50.0 bits) 


X3 : 


129 


(50.0 bits) 


SI: 


42 


(22.0 bits) 


S2 : 


80 


(35.4 bits) 



http://www.ncbi.nlm.nih.gov/blas t/bl2seq/wblast2.cgi?0 



8/16/2004 



Exhibit I 



NYJD: 1432160.1 



oo 

w 

H 
O 

U 

O 

X 
on 

I 

< 
W 

w 

53 
H 



s: 



to 



5dj 



> 

'E 

o 



CO 



CJ 
c 

.«3 



1> 



C — 

E o 



c 

O 

s 



XI 

a. g 

- m 
*- 

5 .s 
I 3 

a. vi 

a* 



3 3 333 3333333 3 3 IlliSlS 



12 

z 

o 
u 



a: 
< 

D 

a 
< 

LU 
> 



e 2 

on — 



5 *1 

13 I 

-Z *u 



=3 - 

m 3 in *u ^ Q u: 



a. 

,35 J 
£ -J 



= '5 UJ 



LU 
X 
H 

o 



LU 



g 



to 

CC 
< 

S 
uj 
a: 

CJ 

5 

ID 
U 

z 
o 

CJ 



O 



m 



2 

H 
O 



X 

on 

i 



C '-o 

sps: 



So 

« '£ 



5 3 

.5 'I 
§1 

03 ~ 



C ^— o 

- « 54 

.2 .2 3 

S « 5 
3 » 

S 1 5 

I o . 

C * ' v 

~ 

$ §3 

•5 * .s 

^ 5 u 

«** > 

J= 5 r 

CJ ^ > 



c 

.2 

^3 

jc 



§ 3 = a 

*-' O .-g 

^ -C -D _C 

= " f 

f?S * 

- s 5 > 

X g " ^ 

= 1 

22 | 



C3 

> 9 



* E 



2 . w 



c 
o 

JC 



5 -2 



-C J5 .2 



E >> 

i & 



c $2- 

~ .2 .2 

? .3 § 
5 i- 

E -2 

_y ■ — ' si; 

* - 2 



t: 

a 

•y, 
a 

* 
O 
£X 



g 



C 

c — « 

= I = 

> ^ 

OS c 

■ , o 

£ n i -a 

% » 2 2 

X3 'JZ Q* 



u c 
**- c 
c c 

I s 

c: oj 

i ^ 

s 

■£ 

o >, 

- 4> 

— c 

p 2 



o 

E 
o 

'Si 



u 
O 

V) 



= E 



4> 



■ J8 



E 

4> 



3 u* 

c c 

U 

w B 

c u 

u. 

E ^ 



o 

C 
3 



O 

c 
E 

JC 



t: j« s> 

S c « 

E ^ -a 

^ c c 



JT T3 t3 J= 

3 ^ C 4> U 

m C — 3 

£ ~ £ E 

•= !« y /: « S ^ 

Sffi'iSSSi 

« S 2 8 -S o 



— P 



- O « •- 



e „ ,,. 9 x a. K „, 



8 

ra 
> 

a. 



C _ 



1> 

-£ 

£ 
C 

o 



_ 01] ^ 

c 2 -e : 

2P =5 o 



H E S£ 



GO ^ 



O i- 



* 8 * Sf S -g 

51 ^ -o 



a « g 



■3 -a 

O XL 

% S 

.E 8 

I- 



4> 



115 s s e 



•= ? is © E 7 ~: 

^ ~ - E P ^ 



1 § 

c 



^- — M S - - 

^2 rf =T3 ^ 



x: * 

f(J > 



3 

C 

1> 

IE 

CO 

s = 

£ o 



c 

c 

3 



a© 
C 

1 

£ 

3 

G 
£ 



C 
U 
• 

X: 
c 

.2 

o 

u 

g 



- — a o P 

°- " .2 "3 « E 



E 



U ^ £ ^ *; 

* I 2 9 



« 5 « 0 tr _ 

o s '5 -a s § , 

0 'J — » U. E- 

1 SLJ5 S |f g 

£ S 5P£ ^ S 8 5 



JC 

^ 1c 

C X 

1> o 

3 «« 

< ^ 

3 V 



b 5 O 3 

y ij ~ o 



- L_?;^^x'f J ^^ c 3 



2 ~ 

1 2 

cd to 

2 e 



c 

v 

'Si 
>v 
S> 

_C 

H 

>A 

Si 

e 

"J 
/J 

o 
p 

c 

> 

E S 
.S 5 

I s 

S'S- 

o .s 
-C _ 

S| 

l§ 

e *! 

t— « 
^ E 

s 2 



tt* w c c 

— " 1> D -Z: 

y y ~ o ^ J* 

S t 2 ^ - Z 



oil > co > 



5 js = 

5 f -2 



« c I 



o 

P 1 - 

.1 g o -B 

^: U (-i . 
O O p 

cos? 
c P ^ ^ 

1> fli ^< 
> 

o S ^ 

w C 4> 

c 



W 3> C 4) 



£ > 

1 5 

2 E 



■1> 
u 

? 5 - c 
o-.E 6 S 

^-5 - o 

■I* J i 

IP t*- JC 



= .2 c 



ii « y o 

c ^ B 

o « i! 4> 

c § w o 

■c r c 

o * cd 



x g 

C I— 

3 C 

E S 

8| 

o C 
Vi CL 

-C o 

3 ' J 



^ 8 
^ i: 

C s\ 



4J 

a £ 

•B ^ 

3 ii 

^ o 

— o 

u t 

I -E 



co >^ -a >^ 
c t: c c 2 

o « rt S - 

do 3 K E .S3 

C 3 

- c o a 

1 1 i 1 - 

it 5a j 

„ > t/j 'y> " 

* « ~ S c 

C JC & o c 

— 4> O C 
p S) « ?5 ^ 



E « c 

3 ^ QJ 



o 
c 



'Si 

c 

<= ■§ 



rt 

M C 
3 « 

."2 <u o w 

> S-S 8^ . 

C U O . y 

p o o > 53 « 

■g -a a si » 2 

.a T3 ». » " 



ai O J* i- . jC « 



« 2 



<u 

•5 -s 

" 2 

- c 

C «j 

s a 

.2 E 



c X J3 <M i x 

O «> ° ° W 

jo - -S E E 

? •€ is tio 

« * K S E T3 

c a e c > 

y « § in 



v5 -p -a -2 



1^ 
5 



£ JC C ^ 



•>7 



< 

5: 



•S S J •= E J ? ~ § "S ? 



= "3 § c i-.l a 2.1.3 

j §■>.-. 1 e 

c a & .2 .a ■*= p fj 

^ o 0 H C = P c 

.c .E o g J- ^ - ~ ^ 

— C — ^ cLcz -i*c 

- O ■ £ ^ „ ^ ^ ^ 




w w y; ^- v „ . si is r- 

.c r* y 

- c o — c ^» — - 

5 \t s ~ ^ > . ~5 



E c -2 i- ™ 
V 5 S = ; j! 



« o >» c 



' -3 

S § -5 -S «= g 

*cj vr. c i# jo — ^ ^ 

E ')> .2 ^ 5 £ ^ 

u c -c u < re 



« 2 - 

C? -2 *i E S S 
i» 12 •£ * o * J 

i£ E - £ * 5 S B 

& u « £ 3> s a- 

'!■= silli 

■--♦'-OPS 

r: w c s. c - 

^ j= -c o r 3 - - 

3 *^ W L> 

cr C • — '— JC ^ — 



> ^ - c 



b .= ^ 



• - -5 ^ c 3 ^ 

1 5 :J 1 1 k & 

sfc b "> C. C 5: 

w c ^- <- — i 

. c ^ C c ^* c 

c: c - o " > 

- % s. - JC ^ 

c j^ ■- c c = 



.c 



1/ 



*j. y: X 



jc -5 



1 1 1 - i. 

c 3 E ^ ^ 

.E -5 ^ 

C « g u « 

^ w T3 "D ^ 
^ « O C " 



-5 .3 



50 

E 



y3 



c J= c 



1 3 j: j: u 

2 3 •■? s 8. 
2 " T3 n 

.2 I g I 2 

-U =J c c _ 

^»j2 o — F 

£ C c 0 ^ 

rs l. -j y: ^ 
JC c. JC 

jc °- "5 « 

r= £ 2 O g 

• — o C u - 



C ^ 
u — c 



-o 



2: 



< 

X 



3 O 
<L> «- 

2 

y. 



X 5? 



vj n o O 

— x s: x 



-it'—. ~ _ 



* 23 



fl 

Lj 



S -I' fl 

r- 
O 
as. 
a. 

O 

o 

x 

V3 



3 W. 



x 



5* « 



- c 

y * 

"~ c 

2 a 



u. 2 c 



2 

CL 



3 *> 

■3 ~ 5 

<~ y. y. 

c o 0 

~ E ■£ 

>•» Oi <y 

* "£ fl 

■£ > ■ ' 

o 



s i 5 I 

3 ~ 

s 1 « J 

^- > 

^ 1> M 

T X 



X 



Er 



H J 
g -o 

<ly L» 

S 2 

= * 
c 

§ '5 

3 2 

a. « 



"2 

fl 



15 5 

c ^ 

'J - 

Mi i 

fl >L 



T3 

J3 * &. £ 
a. 0 

i_ *3 v. 

■y- - X 
• — 



"3 

c 
3 
-9 



x u *n 

3 ^ 

^ -y 

2; c y 



oc x: 



x C L> ~ 

*"* =3 « N 

o S ■? S .S3 



^ w 

0 .£ 



3> <U fl 

5 € ^ 2 



_5 "2 



2< 



u S c 



o 

y; 
r? 
r. 



c 

o 
a. 



O x C 

> c 



v: 
it 

o S 

c 



x 



c 
c 

3 



x: 



51 



a. 



- *- - 



i> *^ x 
> '— 



r 3 C 



C X 



y. 



- X 

X 



c 

8" .a 

y. 

-. w 
Q- jc "° 
>. 

.a ^ £ 

C ^ D 



c 

o 

La 

c 



Q 0C 

^ ^ ^ 

X u 

- x; 

x r= >. 

^ x 

o -SI J 

■§ £ M 

■s r "S 



J p » 5; CO 

J* ^ a; § ^ 

x S .2 ^ 



yj 

-3 t 



11 s-ii 2 5 

Q fc -) O O. o 

= c. ^ j> 6 w 

•-2 S ? 

y. C 



C 73 

•S -= 

I = 

s 0 



1> 



2 - r 5 -h. s = 



y. — 



si 

3 f i 



»*5 



X 



— r3 ' 



yi 
0> 



rl 



_r3 
C 

PS 
fl 

s ^ 

I. a 



"J 
X 

n 

3 



= 1 

0 s 

-3 ex. 

c c x 

§ O « 

O > 



2 2 •£ 



3 C P- 

3 c 3 
u 1: a 



> 



y. 



E a c 

I §■ 3 



c v, .2: p£ •§ 
.2 ss 2 S •? 

5 o I § iS 
? * ^ s >■ 

S - - = 

"3 .3 ^ x> £i 

td 5: -0 o 

^ . 3 P 
O ^ v T3 *" 
3 ?• « C i 

> t U5 £ J J 

2 % 1 * > 

g S £ « « 
a ^ 4j > 

J2 .s .a -3 s 
g "2 5 c » 

•o x ^ .£ ^5 s-: c. 



_ *— n 73 j_ 
8 2 8 II I S 

c i 3 



cr 

y ^, 



8-S 



3 ^ 

y 2 
x .fi- 



- c 



X 



X vl £ 

E * 

3 ^ 



c — 



U y 



y: ■ 



X 

o ^ 

y. « 
C 



c 

•y. 
?5 



< 1> 



3 



s S = 



CL ~" <L* X > ( £ 



es. 



CL 

y. 



> 

~3 O 



'15 

■a c 

3 Ou 

-J 

P 
, -o 

*-* ^3 

y, 

v .22 



c 

2 



X 

c 

.3 



3 -£ -5 — ~ 
~ 3 - x 5 n 



c 

u 
c 

o 



= 5 2 



^ D -~ 

> st ?s -5 

■_j 1- flj w. 

? « 3 x £J 

c X> "J 



u s ^ X 



- g 1 



2 ■£ 

t 

C 3 



r: * 

yi 



^ 4> (U 



u. ^ X 



> c 



X 

w 

y 
O 



5 ^ 



XI 



Q.xf J - 
L» X O ^ 



o 

v:- 



M 1» 
— o 

. XI 

n 

_ c 
» 

-» 2 

•= s 

3 

i> ■ ~ 

c ^ 



II 

— yj 

•52 a 
.5 * 

£ 5 



§1 

= 3 



Si 



c 

u ■ 
b E 

|-3 

r- y 



x O 

.£ -3 I 

C ly 13 

•S ^ 2 

*- *j .£ 



c 

3 C 

or ■ = 



yi C W 

.s 5 ^ 

^ i v) 

g > .5 

a: a. p 

Woe. 



£ 



5 y. 
u 

X 



£.■2 

X ^tf 

■i n 



c ^ 



1* 

y, 

o 

r" 

C 



■yj o 



X 



*> 2 § 
x .£ -3 

- E £ 



y: 
O 
X 



X 

c 



u 
X 



^ y, 
~ 3 

c £ 

,-3 0> 

■£ > 

uT 0C 

— 2 

4 

£ O 

"5 *— 
o 0 



^ « aj> 



ac w O 



= C 



8 S 

C y, 
3 X 

S .£ 



S3 

O 
_£ 

C 
fl 



H 
c 



>» 

x 

e 

X 

■yi 



O fl 

U C 
X O 



I .bS-S.S.2 

-y — * f— 



C O O 

M a o 



c 
o 



U C fl 



ii 

yj 

4> 2 £ 

UJ CL CL 

O S -J" 

t» X 
X » C 



O 
< 

U 

o 



- o 



cu 

vO X 



*0 ^ _^ "3 ^" ?? 

O § t; o 
- .<= i X 



— .ir ox -j 

3 La 

x -3 § g o £ * 

u ,E r r - "5 

<U ^ _ LI ^ 

§ 1 -2 1 g S 73 



C C fl XJ 

c - 7 ^ EH 

0 y 0 s S c 3 

C L« o 

- ~ - ^ 



-3 

fl 



C 

c 

o 
-3 



K — — ^5 cO fl u u o ^ 

~ ^ O fl _ — "v. U 



X _ 

5 2 3 0 c « ^ « 
3 « a ^ 'E -£ 5 ^. 

S t 1 £ o g £ « «s s § 

.i|Ms^.§rif |:-l<-i|i| 

c c ^ _ v: o — x _ ,S -3 r- 2 = 

H % ^ W 2 « 



yj 

Li 
O 



c 



8-° o I 8 
•3 > c S 5 60 i 

£ J '5 3 E S3 -S 

J fl c « * 

- e c d g 
■5 3 I 



c 



.£ P h* ^ "5 L» P CurE'*" 
S E .2 g 5 ^ 3 O g"C y 

r: Si JT "3 



<U J= O 

-c *- 

ill 

—- -A 7i 

C 
0* 



• ■ 0> 

.£ ^ S! 00 ■£ .2 
•g E 3 j£ ^ ^ 



X3 
C 



"3 



o> 



3 w 



■= U 



c 

<u 

L> 
X 

yi 
fl 
X 



C 3 j-" <~ ^ 
V ;Si S3 fl 

3 O fl *^ 



g C fl Z 

K £ - « -» 



oc 
ri 



T3 
3 



C 
X 



o - 



o 

Cl 
fl 
C 



■= iS £ 2 w 
~~ i2 x ^ v g 

^ " CL 



a 52 a* S I 



2 

Cu 

■8.2 



■•j ar - 

y. ?: H 2 



S x -5 _ 
fl X 



C = g 

m x " 



y 



& 1 



y* rl 

-5 7. 



fl c 

LJ 




- & 5 - 

. y - 3! -C X ~ - ^ ^ 

-^-j2'3 3-^-goj£ ^ ^ 

^-5 >> J '5 ? ^ '5 ^ § 3^2^*? 
^ f; ^ ^ a o o .1 - ^ ^ o ^ 



* 0 CL fl 

— L. ~ 

^ - L* 



X 



-» C L» 
3 L> 3 

c > c r= 



5 O O .£ = 

r J fe. ^ - 2 



r j c: 



x *r 

O 3 
X X 



i> 

fl >.. •JJ L. C -\ 

C *3 (X g ° 

-S s s J 1 c 

<= ? G 

^ u ^ « - 

I ? I c .2 E 

I a .i I 2 - 

Li ^ 2 L> 

- 2 ^ " 5*5 

x g a. ?= c .2 

, '""=£■ . x 

- c — y ^ *- 

- fj -a ^ .r- - 
o ^ x l. c 

O *?t O y. 

5j S E — i s 

3 ^ " 3 _• s 

=5 = ^= -2 " 

S> y- S ^.5 

- x cti 2 -J 



>- 



< 

a. 
X 



— X 

-3 ^ 

<U * 

CJ ^ 

u fl 

3 W 

3" >> 

yj 



c 

o 



1> -JO 

0 c 



X 



fl fl 

_ u .£ u i> 

2 i •£ 

2 > ts 



.2 

yj u 
>\ > 



C C 

fl ^ 

I .I 

J ^ 

L* £ 

O _£ 

y 



■5 u a 
- s c 3 

E -2 



fl -f: -3 v> 



2 o 

W £ . 

g as it. 1 

r 4> IE jc 0> X 4* 

on _rr o ^ 

> > yj *- . C 

.2 & g £ 3 3 



> 



-- fl 



2 £ 

c u: 



fl 

*— 2 



c ^ b fl - c 

y fl A ^ if) 0> 



C W "3 



fl 5 o -3 



3 £> 3 

0 C O" 

o fl e> 



yj 

^ y u 

fl .f. u — 



= J 3 -s 3 -5 



3 '-^ 



y 
fl 



2 "a « 
— =i ~ £ 
S P X 



E 



-j 

X 73 

La. 

c U 

"J > 

:»» 
y 



3 ^ L* 

h - 5 - ^; >> 

fl c -5 



y 3 



> 



~ 1) ' ^ 3 5 
U C .-3 W", -3 



'JO 

b 

as 



X 

on 

HI 



in 
c 
o 

113 
u 
c 

o 

a. 

CD 



CD 

o 




=r J! ■- "3 

^ 1 % 

A * ~ 

j * I j 

i ill- 

5 x '"5 •= 

c z> ; 
s: ■£ "J 



f = v * C 

1 i 2 1 I 

i I < ! 

c. ^ ^5 



J f I % 1 
? - is = 
1 S •§ ^ 
£ i * .1 s 

5 x % u i? 

^ .2 r. 5 £ 

S f 2 5 S 

-3 t * 
•** — o. u j: 



■= 3) E 



J S E 

. *■*-> 

x; T3 
x - c 
iri > -j 

— •* CL 

• S 4! 

2 o a 

y 

•y y r3 

? n 

" '/ r 



' ■ 1> £ C >. >, O £ "3 £ 'J 
"3 1J £; - o j: x ^ C 73 ! ~ X 

- - ^ ^ * - r- 



- 2 ^ 5 2 .5 = c -5 2 .2 - .5 § 

> C~. !7i •-• »j y; " 



"3 /! = 
"J ~ 



= ^ x; o 



y, — 



'J 



^ 3 
^ 1— 



2 -3 x 

c - — 

s ■- 5 

"d E 

g c " 

^ 3 r: 



? 9 
i> — 



73 *3 C rj 

o 3 ; n 1 

S -g .S -e = 

r3 



<L> ^ 

x: c 
2 < 

z: 

IB 



r-' C- 



- '•* si 



y. s. - — i_ 

ji * % o V 

^ C > ' 

% ^ 0 -2 3 



C c 
y. .— 



JZ 73 



t3 .J -r- 
" *-» ?r 



y. *j 

£ * 2 



3i .r: 



3fj 



- 5 € * 

-ij i> O. y. ^ 

p ?: c 



-* y, 
y 



c 

"3 
c 

X 

t 

"J 



< 

5!1 
Q 



c 



y. w 



3 j 



y. 



y " r~ 



O ^ " ? 

a. ^ o 

y, . 

™ C y" 

u ^1 t; 

,£ 8 5 

73 r™ 



=5 O 
Xi 

=o % 

- 

■- c 

•y> 



~ Z n 

2 g 5 

4> u V 

^ r: jz 

fj ~iz — 

c 

c 3 ^ 



c 



3C 



y 



0 



c 
-0 



H i? y o 5 



i.= .i 



y 
X 

JJ 
£ 



2 If 

"7=: -c ~ 

^ 73 

•y ^ C 



2 "~ 2 



•y. 
y 
y 

x 



; - - y 



'J 
C 
O 



u * 

.2 

li- 



c 
c 



> 2 

2 1 
5..E 

s -° 

.5 x 

-3 

C 7> 
vO 

E c 

2 1 



•£.-2 



III ^ 



y 

x: 



.2 "5 

:l 1 



5 s 

^3 S 

^ > 

x o 

_2 cx 

c _ 

E o 

O oo 



s 0 s 



yj W 
X) -c 

a 



a 
< 

a; 



00 

5 



a £ S ^ 

C TJ y 
C -1 O 

<u c 2 

y . 
-° y - c i 

a J § J ~ 

n *— J— *■ 



73 



§ = >. - « 
2 s \_ -* 

S a ^ « -s 
•■c ? - 3 > 

0 « « u " 
• E * 

_ ■— ^ y 
w u d c 

^ 2 

'J 73 "3 X 

x: u <u i_ 
*j • «~ 



2i 



.= 5 

2 
O 

Q. X5 



« SJ C 

I IS 

E s J! 



p: 



a, "i3 
>. 
c 

E c - 

O 7Z ^> 

U > _T3 



■a 5 

c > 
c 5 

y ^ 



y"JJ ^ " o 2 ^ C. U ^73-x! 

X - U C ^ ■ C X> (N c ^ ,^ O 73 y 

CL 

"3 



14 J 



o o> <u 
x: x: — 

20? 

13 
73 V 

y rj 
c y 73 

- 1 1 

'y. <U X) 
O -C 3 



5} E 3 

^ ■: .5 3 S 5 - 



li 0 



£ '3S "2 ^ 



y v j- 1 ^- 7; h- 73 rj c 



JC ^ 



2 '5 ~ 



2 

u ^3 u 

x: — > 

w CJ w 

- y y. 

O y 

3- « >. 

x 'Z £ 

r3 



5 2 
x: ^ 



73 
2 



r; ri 



2 



y. 



O y 



5 >>-E g*^ ^ 

it Hi- 

— y X 



_ 

5 -3 7^ 

n ■= 2 



r* f-% " 73 

'> - h 

> C C y 

c ^ ^ 

E E -5 x: 

i) «- w 

fe. £ I * 

- -E ^ 

£ - Z 

'■SZ "J u 

r= y ^ 



u 

X £• ^ 

— 7Z y 

g 5 -E 
xl 

C- " ti 

y. y 73 

■= St 

■= -= Sr 



3 - x: n 

2 y > — 

p ^ -5 73 

y ^ y ? .2 

^ £ 2 >^ c 

y. 7, ly O 

■C y u — — 1 



?3 



- 5 ^ I 

2 x:* E o 

3 .2 ^ 5 



cl 2- - -Si 



x: 
y 

c; 

— ~ £ 

c jj * i: 

O -y u 

^ 2 * 
o c 5 • 

H S >> 3 
X) . — ^ 

rj u. CL 

C O 7- CL 

3 E S - 

c 2 _ 5 



3 



O 73 yi 

ON Oi ■ = 

c u "= 

y y w 

x 3 

— y 

5>2^ ^ 

jz '£ 

_ y 

=p - E 

y. c ^ 

^ ^ ^ 



Cl " 



y 
C 



y u. 

CL O - — 

ir u " 
CL 



cl y cl 

3 •£ ° "3 
y y 7: 



c > 



■j ^ ? ^ 

^ : c c 

yi O -1 

~ ^ o 73 



E y 



*" > rj — y 



S 5 a 



r. v 



x -5 ? 



^ y 



,1^ 
' y 



? C 2 2 

S .2 o b 

= .£ ^ J 

3 ■= h — c- 

:j 2 n < 
*J -» u 

— u. 

^ ii 



y 
XZ 
y 

y 

U L> 
O y 



-3 

y 



^' y 
jz ^; 

5 

Cl 
• y 

y. r- 

— 

y c 

i ^ 



L. 



2 s 

y ' — 

§• ? 

3^ " . 

£• « 

x: u- 
- o 

-y 

y = 

5 .2 
-E H 



y ys 

■S ra 
51 



y 

.-3 — , 
x: o 



1 J .2 u 



u. aa - 



o a 



r\ l* 

y 



C 73 



r:'x: 



.E 
2 c 
8 2 
y c 

^ CL 

X 
S3 — 

> > 
y- S 

x: 



E 

y 
3 
O 



g-2 o 

x S c 

2 cl is 

y y ^ 

y E 5 



2 E 

- r: _E • 

.1 1 1 1 



^ -3 



73 ^'j 

.E 



3 ^ 



w 3 

3 = - 



rr 3 



c a. 

y 



y C O X: 
L» P 

A c 5 



x: ,7 c_ _^ l: 73 



> 2 ^ ■ • 

> - . r y 



yi w 

7. c_ 

u 

X L> 

^ y 



x: 

_y cl 

— 1— 

'J c 

o ' — 

73 y 

y 1 



■yj 

2 

c: «i 

15 > 

If 

eg /— 

<u c: 

^ E 

*— o 

C L> 

y "r3 

C C 

0 p 

1 g 

53 CL 

CL . 

1- <u 

Cl c 



If 



1 s 

§ ,2 

L? ^ 

o c 

— y 

.E o 

Ml 
> <U 

E = 

■o 1 

2 « 

5- £ 

c y 
x: c 

2 "g 

C 



~7 3 



3 

Cl 



1 o 

c: c 



d - = -4 



E = 2 .5 



w 7- 



^ x: 



— .2 
3i |£ 



~ = ^ - c ^- " E 
> 1Z 0 -j - E 2 „ 



CL o 



2 zz 2 a- 



2 - 

CL 



y v 



ji '3 ~ d 



— L* _ 

i cl - 2 • 



— 3 — t - - 
^ 3 C 

2^2 



y 

— j> 

> 



C/J 

2 
UJ 

b 
a: 
a- 

u 
o 

X 

< 
I 



1 a 

e .2 

w X) 



c 

o 



c 

o 



3 .2 

U 'J 

5 a 
8 a 

jc jc 

OO — 

JC 

- >. 

Si 

> n£ 

Si 

> 

'I » 

c -£ 

-c it: 
■5 -g c 

5 c .sp 



4> *3 



'Si 41 

O 

^ c 

o «* 



4> 

Si 
3 



■ ^ 

Si 
^> 



2 '? 

°- g 

Cl -f 
JC C 
U 00 

JC ~ 
*- J/: 

°1 

§ s 

3 -a 
y c 
2 * 
2 c 

o — 
— 2 

r3 E 

11 

i> E 

« g 

jc > 

> T3 

> 33 



4> ca 

% E 

8 * 
II 

-3 C 

c 

3 J 

2 > 
E c 

« £ 

SO O 

H 

= .! 
? s 



4) 4> O 

c c > 

<u 4> £ 

DO «, 

« CS jC 
Cl o ~ 

>> a 
V o 

ja - u 

-3 £ 

s « « 
£ a § 

§ 1 i 

3 o E 
j= E — 

I ^1 
1 *-3 

^1" 



o 

^3 



2 00 

C 4J 



3 S ^ 



3 ^ 
.2 g» 



2 iE 



E 
E 

e 

u 



a 



'S; 



st 
c 



5 .2 



-2 o 

^* ^ E 

^> c £f 

4i W 1* 

CL C ^ 

1 s g 

(L» — 1> 

1 i~ 

-SI r- — 

c ■= p 

B o.3 



5 .5 

a: is 



-5 tJ- 



U 

o 

u 

li 
> 
o 

a 

£i 

n 
<— • 



-if 
o 

03 



2 ~ S 



U 

so 
o P 

-° £ 

u ^ 

0 si 

01 JC 

< ^ 

11 
I f 

•si 



- — w 

0 — u 

3 k 8. 

1 ^ I 

•8 s G. 

V -y) 
^ p JC 

* "g 3 

«> ii a 

c -"5 *- 

o /] a> 

t- c E 

<u ra v 

t: t - 

<u " y 

a 

C 



111 

C « « 

E w c 

7 ~ * 

= 33 

E -H 



p 8. 



.E 0 

P C O 
- 1 « 



rt 3 ^ 

£ a i 

" 3 ^ 
a. o 

a P 

cr *i - 

U C 7i 

'5 i 1 

2 ^ v 

- a* a 

^ "w 

© C 

1 = 



3 



|| 

CL 



2*1 

C cs 

o 8 

C- > 



u -o o 

a. E 
a E °- 

.2 c 

o .2? = 
^- c 



« 2 3 

cr 



> 
c 

VS 



u cr — 



.2 



c 



5S g 



o ■£ 



« jC 
at) 

g 3 



v. 

3 t: 

c « 

sg 
.2 8. 

3 

3- r 



J J I 

?3 H £ 

C . 00 

.3 in> 

.■2 E S 

>> ~ o 
try 

S .2P § 



■3 a 

^ -i* -9 

^ *c 

4> C 3 

■S c 

° o "" 

is: *-* 

•2 

a « * 

a. -5 

3 ^ if 

c £ ^ 

c M -£ 
t: x> 

U C tfl 

*-> C. r- 

oL E « 



^ etc 
O w u 

i; '-6 

3 C3 



o 



J3 ™ 



= * 



-a 
c 

eg 



£ _ 

(« 

3; t5 « 



^ c 

4J > 

O o 

c c 



4) C 

— X 
J3 

5 .£ 

^ Cu 

>. tj 

C3 



"3 ^ 



3 

a- 
P 



O 

W 4— » 

*.r ^ c 

> u, C 

^ '-E 

^ ^ 3 

— >^ 

r y o 
^ —> 



c 

o 

1 

c 

tJ 

c 

o 
o 



3 

-a 

CO 



c 

O 
3 

£ 

3 

-o 



1 



2^ c jp 

Is I 

eg* 



s ? (A 



> * e 

S w -E w 
^ y a ^ 



^2 .« g 



9- * ^ 



o 

'SI 



8. 



c 
c 

<u 

CL 

•a 

c 

o 
CJ 
<u 
VI 

-u 

J3 



2 S 3 i | .£ c 

J ^ § J 
— 3 t= i> 

s I SI 

° e ^ g 

f 3 I E 
e = 3 I 

C u . 3 

* **- !u or 
e« y O 

t c c 
a S 2 « 

C 3 O -2 
O u C w 

S 1 x E 

.3 ? * w 

v £'~ 

o ^ p > 



U « 
^£ c 

>» ~* "** 
<u / c 

i 

2i Z c 

3 U 

^ b D 
a 3f 

3 w 



1i 



'J 



,3 



3 



o4 .E 



S. us « 

X 3= _D 

t> Oi o 

w <^ dJ 

-C V c 

^ 1 « 

C ^ O 

1 1 ^ 

C3 *-« 



2 -o 

.E a a « 
| Si « B 

* 8 

£ .5 ^ 8 



< 

a 

5 
R 

2 



30 

m 



2 -c 

Cu 

4> O 



<l> C 00 



j- CL ^ *~ 



^ to 



2 o 



jc a. 

M. i 

2 5 

u ^ 

*■* V3 



x: p 

O o 

OO ^ 
c _ 

1'i 

C < 

c Q 



o c 

c > o. 

C ca vj 

O JC JC 

L- £ O 

O O 

ti: j> 

u ao 

o *c *- 

?; u a) 

8" £ -£ 

H « ^ 

« - 8 

"8 s -g 

| > S 

</; 



jc 

I 

3 



3 

O X) 

= c >s 



T3 
C 

JO 

c 



8. J* 



O 

Cu _^ 

c ^ *; 



3 

O 



J5 



nil 

5 { b 



c 

o 



-C 



3 3 

cr 
.t; c 
j5 g 

C3 O 



O 



33 3 



< .E 

. "3 

2i 



'Si s; J2 

V C ™ 

f~ E ^ 

0 -U c 

w • — 

« £ 



5/1 3 
£ = jO 

c "~ C 

3 .5 2 
c ^ ^5 

'3 E u 

■« a>- 

» -S | 



CL 

8 

c 

o 
E 



V5 Si 

c; ^ 
c 

o o 
E -S 

II 

— JC 



II 



41 

c 



< o 

Z c 

Q R 

-a ^ 

15 

O 3 

ui 41 

JC - 

o *~ 

£ 2 



z 

Q 

c 

VI 

4) 
*^ 

CL 

i« 
O 



^3 

4) 

.-3 



O 4> 

c: 3 

e j 
-§§ 

4) X 
O0 41 

n — 

E c 



A 2 *^ 

« ^ 

4> ao 7? 

•= S = 
>, " => 

-D 4) — 

4> g SO 

"S *2 .s 



4) 
JC 



e 5 2 

V u. 



Cl 
41 

u 

41 



~3 O 
4* U 
SO w 

2 ? - 
JC O 

U C 4» 

I? 

a 

4# CJ 



4t 



?3 
JC 



io 



5 ^ 5 
-5 5-- 



r3 

4> 
C 



i; jS 4> 



jc 

3 



5 £ j£ 

oo C 



"8 

a 

3 
C 



E 



c ^ 
— o 

c 

"5 E 



c 

41 

2 

Cl 

O 
O 

Cl 

t« 
JC 

4> 



c 

s? 

o 



4* 



C On 



5 ■? =3 

^ — E 
Mi - 

3 r -77 O 

^ : j > 

Cl ?J ^ 

: - ^ £ 

6 £ i% 

v. c; ,t ^ 



4> 
JO 

E 

41 

E 



It 

*z o 

^« 

tyj C 
C C 
,3 

u 

4» 2 
41 

C 4» 

z - 

O 4) 

^ £ 



C3 
JC 

J3 



4> F 

■£ § 

C J= 

4» -r 

£ «: 



ail 



4* 4» <*r . • 
JO > o to 

— - CO ts 

s S 2 jc 

^ 3 M ~ 

§ £ 2 a 

w w .E 4> 

O ~ u T3 

4» -5 £ 4> 

•S g 

y a o s 

ex — ^ -2 

■ 

JC g to 
4> g .E ^ 

3 vs ^* 

c oo c . 

s 5 

K i> o o 

2 > ^ - 

^ 2 v> .E 

•= a c D - 
c . ■= c 

* § § 2 

^ §»§. 
= 1-2 

£ 3 i * 
/ > v ^. 

4> C ?L ^ 



4) 



o 2 .5 

"f o « 

« 4» 
4» C 

§1 o 

JC O 

3 - So 

O .£ Q 

JC o» D. 

5 2 8 

E - 

^ . 5 

4) -A C 

o ™ ^ 

2 • - ;u 

C Cu 

a a e 

S = c 

UJ 

c .t: c 

>: > ^ 

2: o 

^ - 4> 

w JD y: 



- 4> 

^ O X 4> > 

2 >> S S "g 
^ E ^ E -E 

CtJ £ O u 

o t « y O 

» - 2 8 K 

c S s a - 

*| -5 .-2 ~ 

o 1 2 s & 

X « 3 C 4) 

> 4> 3 4> 

" 2? £ O « 

M n us 1- 4> 

■E - « g 

u « 5' o- 

§ o -3 a, E 

« 4> Q 

S £ 3 

S -° J> ct^ 

o £ * Z « 

■a o - o c 

t> -is 5f p 



g.s 

.£ 4> 

- -5 

'Z o 

U 4> 

4» ~ 

E 



c -o tiO 2 

4) C 

^3 ^ c '> 

<u * 50 e 

S E 0 3 

a 9* v 



£ « 



o c 

- o - 5 

4J 



-a 

4t *- 

4» <U 
^ SO 

^ 00 

a 3 

ft 

■yi 
C 



g. = "S L 



= ^ .S -s 

(si -r-, 



O jc 

C U 

i; o 

u. E 



If 

C vi 

>^ 
O 

a c 

4) 

vi -3 
O C 
^3 4) 



& § JC 



^ 4> 



4> 



O 4* 



- o E .£ 



> 4) 

■ — w 

§ 2 

=3 Cu 

2 c 

— ^ 

^ -3 



V, CTj ~~ 

CO SZ 

jC *"* o 

4) -~ 

C C 



.£ 

v; 

4> 

10 



— 2 3 a 

c c j jc 

*- C — *** 

?-> 5 '£ 1 o 

u ^ u 



3 



5 2 g 



■j0 



o jc 
Cl ^ 

5 5 



E ^ 2 

w c *^ 3= 

C .5 — <u 

8 2 2£ 4) 

3S.Sc 

1 H - 

— O r- 3 

u O C £ 

--3 J= ^ JC 

E E o 

-^-1 r- 

x -cT* jd c 



.2 'C 
.2 .*2 
o c 

a u 

.£ "§ 
■£ 



cd ^ _ 

£> .5 

a. 8 8 

C — co 

I 3 2 
•S 2 S 

X JO o 
*3 3 

" 75 



-b 00 



^ s. 

Is 



.£ .£ c 
3)-o 5 

r C o 

b 3 L 
C O CL 

> 00 
4) m 

3 1 = 

5 -o S 



— 4> 

5 JC JC 

S 'f 

— WW 

4» C3 73 

3 U U 

C JC JC 



3 



Z 



as 
a. 

u 
o 

X 
■J~) 

H 
< 

X 



>- 



o 
cu 

a: 

H 



I "3 

c y) 

U— 

w Cu 

£ X 



3 y 3 
O y 

^ c 
Q, y 

a: J, 

*$ 
j= * 

O 3 

^ .5 

OJ 

£ c 

y u 

3 =0 

■2 5 
•= ^ c 

— CO 



;3 u. 
73 U 



y • 

y .3 § 

o u = 

2 *~ ^ 

^ '5 * 

4> -C — 

c w o 

a & c 



y 



8 3 

y 2> 

SO c 

c G 



5 3-3 

U "3 

c c c 
£ 72 ~ 

£ ^ g 

* 8 a 

■£ E 
g ~ « 

I r* 
a ■- 

o £■ 



U _ 

c o 
y p -o 

§ 2 



to 

y 



— x: 



c 



3 
X> 



y 

X 

v. 
y 

"3 

3 
'J 

O 

^ - 



Cu 



v; 
yj 

O 



CO 



3 
c 
o 

3 

c 

"y y 



c 

-/? > 

y _ L> 

x: c -jz 

w Ji a 

S <§ .2 

- 0 -3 y 

a ^ «= 

3 ^ 1> 

^J, tz CO 

^ .2 i:< 

ra 

fJ y u 

C ^ 



•s -s l 

O ca C 

C > 4* 

if P 

-r. r; « 

-9 

C C /■■ 



3 4 -E 

* S c 



g S 



s o 

x: 
c < 



> 

E 



c 

a 

C 



O 
>-* 

u 
If 



E c 



.3 ^ 



> 
1) 

o 



3 ■£ 



oo 
c 



C 
u 
E 

tj r= •£ 



< E : ;= 

. t: c 

!|s 

O J 

> u. XI 

O « u 

s 

c *-> x 
_ «J 

•*- c 

5 ^ ^ 

■C -3 G- 



§ c . 



c 



3 S 

II 

II 

SL "5 



H 00 
3 O 

% 2 
c cx 

■a I 

x: <u 
*- y 

« _ 

o 



2 o 



2 H ^ 

- 3 
u c = 

o c o 



m T3 

y H x: 

so 5 

i £ G - 

a iJ < 

- a c 

"i 

•"5 § = 

■7 5 2 



Uj — 
55 ^ 



.5 -a 



c 

3 

?3 



c 



w x; c 



•g 1 

n x; 

•5 I 



c 

to 

3 



£ 3 



c 

1\ ^ XI 

cl H ~ 

* o *2 



■ 1 — *w 

Cu 



?3 

C 

C 
3 

o 



c 



7Z 



0 § 

X > 

■ — < 

a- , 

° c 

° o 

1 uq 
u 

"3 C 
3 



-a * 
3d - 



c — 



to 



u 
x> 

> 



."5 § " 
3 ^ «j 

'M - 



15 

X) >» 

'J 

X 



_r _g 

3 



a £ « 



c 

O 
Q. 



<D 



u 
x: 



^ -i . -c - 



^ X 



r3 — 



v. 



c 

to 



O — 

3 



c 
o 

o 
c 

o 

C 

?3 



e 

Cu 

E e 

to "J 
C X 

'3 o 

s— 

*- I 



T3 



0> 

o > 



Q. x: 

s s 

> ^ w 0 
"P = "S 

p y x: 

"J w *3 

a. c w 

•x ~ 



-j 

*j 

c ^ 

o 

c' ^ 

1 2 

to 7 

_L) C 



x s 



g ^ E 
.5 > 3 

V n c 

K — 
£ x: - 

^ 3 "3 
-3 c 

a S 53 

O C ^" 

y. x ^ 

— X* 

c- 

u 
c 

c x 



3 



'•J 
_3 

to 

tr 
.2 

£ E 
S = 

?3 3 
E 



5 £ 



3 CO 



3 ra 



a -s 

U o 

1 1 



C3 

c 

tij 
0> 



O &> 

c 



X is -S 



- ^ r— 



to 
E 

3 

Q 



a: 



01 

tz ex. 



u^i .E 
oi ^ 

^ 2 -g 
3 ^ 



X ^ 

— x 

-3 y. 



to U 
*3 "3 O 
~ 3 



c 3: o "3 — 



B 9- 
3 

r~i "> 
O X 



— 0 
3 

> u 

— v: 



.E f 

3 x 



XJ 

-a 

3 

3 

o 
1— 

eg 



•si m 
to ^ 



2x u S 

o c « 

Q 

c _ 

r e 2 

o B „ 

C y 

n y ^ 

u c m 

> c 2 

^ ,V r- 

Cu — C 

X 1> 

— « E 

o * = 

o H 

- 



3 © 

C w 

u ^ 

x ao 

*" c 

C C 
3 

C Q 

o 



o 

c 

O 
o 



E 
c 
c 

u. 

> 

c 



y 

3. a 

Si x 

-S 8. 

t- «» 
8. 2 



c x: 



2 y * 

~ O "3 

fl j: c 

N as O 



E 



c: ^ c 



ca y 
X ^ 

1— 

y Cu 
.5 to 



u » 

^. y 

^£ XJ -3 

1- L- C 

£ y w 

3 yi 

™ < 3 



4> 

u 



Cu 

X 

y 
y 

y d 
c 

c S 

Cu ^ 

3 y 

— =^ 

S O 

1-3 



< 

u 



^2 



X 



c 

o 

y 

£ 

y 

X) 

>» 



y 

c 

y 

sjj 

50 
C 

n 

>s 
X> 

T3 

y 
*3 

> 

2 

Cu 



y 
y 
c 
o 

y 



^ c y 
_y xr 



y "o 
y iJ 



y p v> 

« C CO 

u o 
X ^ >. 

.H .E c 
x 

> « ta 

i 2 c 

4J CU .2 

to x: y 
O ^ 2 

■s s 5 

y 



y u 

y w 

x c 

[— y 

^ y 

^ -a 
y 

3 § 

rtj 

E y 

2 3 
x ^ 
to ^- 

3 s 



o E -5 » 5 

Cu 

^ £ 

"3 £ 



y 



O y 
y • — 

T> — 

x c y 

rs c > 

o y 

>4 x: * 
c ■= o 

- - X 
y "3 rs 

- y x 

^ C y 

- c — 

s -S 0 



> x 

> y 

y — 

x ^ 

• , , 

^ > 



2 "? 

*y S3 
y x: 

.£ o 

E S 
y * 

s.e 

CuLL. 

o £ 

v S 
y 

a..E 

£ "o 

o o 
o c 



to > 
.£ c 



■a 

y 



3 — 



< c 

y 

*J > 
c y 

I " 

c SO 

.2 O 

5 I- 
y 

y 

a> «-» 
— -£ 
.E I 

^ s 



•3 



c 



>^ <* *CJ y ' 

■r. ~ iu 3 

y _5 ~ j ^ 

y c 



y 



y 



c 
o 



so 3 a 2 



a w 



y 



O 
c 

y 
3 
-a 

E 



n O X 



c 

o 



/j 0 s . y 

C 3 r L- 

?r *3 y 

- -£ sO X 

o c 



'3 O X 



y 



So 



>, Cu 

XJ X 

•3 V 

8 iS 

Cu . ^ 

i5 ""5 
y »v 

.y 

ug 

U -3 

c E 
y - 



y 

3 « 
c 

w H 
x to 

u. y 
y x 
> 



? ts - s c -o 

3 - a n •- • 

- § B E 1 < 

y ^ ^ --2 C, -3 

d 73 3 u 

J: -a ^ r:* £ 3 

^ X ^ ^ 

- i u- Cu 

X v * . ■ 

3 £ r L0 

3 JC I « « 

.•a to ; tz 



y & 



y x 

Cu 

u. 

y 



c 
3 

a. 



" 2 e £ * 1 : 



to 



y 



c y -3 ^ ; 



3 3 

jd a. 



y c 

= Cu ? 
y w 



3 Jk 



*3 =: 

y > 



y c 



c c 

2 - c 

_ y y "5 

x: C x ^ c 



E 

y 

o 
a. 
si y 



y 
c 
y 
to 



y 



i. ? 



"5 _c ^ " a 5 

~ J c 3 2 E •£ 



y 



us 393 



_ tfj X) 

« «? S y 
vi y . ™ 
x> 

c.S § > 

- - 1 m5 



.j. - y 

-o .£ ■£ 

^ to ^ 

■0 < H 

y . — 



3" 

y 



y 

O y 
y 

Cu c 



c 

y © 
y *j3 
y 



is. ^ 
« w 
x: 4, 



Cu 
y 
y 
y 

t— 

y 
c 
o 



o c 

u. XI 



J w ■§ = 

X ,y .3 

eft r3 y ^ 

lie* 

<2 -3 '3 <LJ 
u •* c ^ 

« - 

c x; si w 
'u Cu -J3 
q E ^ .HP 

2> d x ^* 

■= -C « y 
w y _ ; y 

IJ 81 

.£ r- y 

f - a 



d .y 



O y 

i-! 

y 'J 
y 

,£ 
> 2 

-£ *t> t0 *3 



C ^3 3 

p x: 



Cu ^ 

•TJ ,3 
3 

y 



y 
x: 



y 
y 

G 



1/; 



'y: 3 
^ X 

~3 



X 

i-i 

_ *3 



.2 8. 



O 



y -3 
:j y 



y 
y 

> « 

^ y 
— tjj 

3 I 

E 
y 



y y u. 
y jz c - 



.2 — « > 



x y 
c x: 



■y 'w — c ^ 



2-i 

Cu y 
y y 

8 s 
i : 

5 

E c 

H 

■3 

5 



y> yi 



Cu 

i $ 

O 3 

o 

y: 



y 
x 



G 

O 



y si 

— r™ 1 



C y 
^ E X 



r ^ = 



y 
yj 



y 

Q 
u. 
X) 

y 



y ^ E 
O V 



C .3 ^ 

^ Si 

sl F 

E i * 

p y 

y: 

^: s« "E 

^ a 

£ ■ * 

71 E 

hi 

s ^ 

c " — 
— y, y 

s a 



?a c 3; £ 4J ca c c 
^EE-^o.B-y^^ 



x £ o..rP"E 

*- *- — 



y 3 

1 a 



> 5 g e » * " 

y S E « 5 

• w w y r" r- c 



u. 2 2 < -t- "o £ V 

y — X> ^ < u- h- r! 

i> r- ^ P *yj *-» ,Q U 



y .= 

g y 

y x 

to - 

o ^ 
y. 

X yj 

y v5 

w DO 

V 3° 



^ f W) 

"5 



2 5 y 

- ^, o S * ^ 

1? .4* 2 rt C 

y .Si ° 3) - " 



00 
O 

y 



•y: =0 

£ to 



c 
o 

^3 "3 ■- 



7i = ' x: 



yi 

x 

*- y; 
- y 



— ; .y 

c 

o 



y 3 
y 



— .3 



o 

2 ^ 

X> -3 

4> y: 

c 2 

£ ^ 

G 



y = 

3 ^ c 

5 ^ 5 

y — 

y. 3 



3 y. 

i k 

- Cu 

3 X 

— U 

C 

o z 

!e 

y y 

y: ZZ 
3 

y 



K v. 2 > « «2 

— t^ .3 X — . > 

y o .2 u H 
£ o y - ^ =i 0 

g yT cu y 0 tS j= 

y H oj y 

C ^ Xi to . to 

C3 -y» 

o 
o 
y 



c ^ 3 * o 
3 x: -£i ? ■«= ^ ~ 



O 3 

y * c c yj "2 

* 0 x* S £ w 

^ « 3 *> v ~* 

■T. r-< ^1 ^1. X w 

- 1> 



p^-_.^u.o£>>c:5>, w 
y ~ ST •= - -y ^ .u y O w — y 
— « -r *-» -> 3 .y r±\ X ^ 5= "== 



x y — y 

V x .3 to 



y "3 

to .3 



,=3 -x 1 ^ c ^3 w o 
^ — c _ y fc n 



3 



Z 

u] 
H 
O 
a: 
a. 

:<* 
U 
O 
X 

</} 
< 

X 



ri cn 

5-1 



1°l 



CO lj 

=o £- 
^ c 

si 

XI 

^ s 

. tO 
SO U 

.-a n 

•U w 
p, ^ 

E so 
<u c 

*" 'C 
C D 

•~ -a 

•~ c 
"5 °* 

3 5 
c -o 

cj a 

c u 

as 



k -2 - 

■s - ^ 

1 ^ s 

E • 

° 8. e 

c g E 

o £ o 

2 > - 

X; O 

(J £ 1* 

On <y x: 

c§ E 

b <u ~ 

-2 -c -o 



id § 

O '± 

— C 

3 '— 



vi 
Q 
2^ 



r-i 7* — 

- E 

K ^ E 

2 i> P 



5 x 

r> ? 

-* 5 

X J 



■o £ 5 
£ 



U CL 

yj 



3 U> 3 K 

c ^ 
o c 

CL O 
3 — 



3 h 



T3 
'J 



5 e 

c ^ 
p 

-E o 
— 

O X 

Is 

^ o 



-* X 



<u -3 

-C ,3 



oJ.| 
m - * 



0> 



u 0> 

c c 



V fj JZ 

E E o .2 



— c 

zr. O 



v: 

ca ^ 
C 

«-» O 
<l> 

-o x: 



^ rt o 



3 .2 £ 5 



g ^ 



7 ^ 
c 

CO 



3 



X It 

8 e 

c ^ 

-° o 

1) 
> 

-= E 
c 

a; 



— ^ 

n to 
c 

o ~ 



T3 

c 

3 

,o 
c 

J{ 

JC 

(L> 
U 

c 

nj 
t> 

sz 



0> 

E 

u 
E 



s g 

J> o E 

H w ^ 

■ S «* 

5 « g 

c — CO 

SO f o 

«- ^ 

U 3 

-C -C 

o (- a: 

x. 3 w 

c p 1> 

.2 

3 C C 



c 

I - 



5 g 
£ I 

c o 



^ 5 

3 3 

.5 c 

>> 3 

i s 

^ St* 

3 

§ £ 

c w 

3 * 
-bo 

O X i- 
\> r~ 



« « V) 

E o 



4J 

> 2 



3 
O 



2 ^ J* « -B 



Si 

c 



i> E 
b C 

^ ,o 

c o £ 

73 — 

3 -2i 
^ C 

o 
c 

^. w 

>; 3 o> 

2> U >> 

V- o 

~ ri > 

^ s 1 

l> O C 

c 



~ *- 
■n ^ -c 

^ w 

^ .23 
c- ^ 

->> y; 

w JC 

5 ^ 

E 3 



X) 
3 

C 



o 
c 



CL £ °^ 

^ ^ 
§ > 

* 3 <0 

jo so ^o 
a £ c 



u 2 fl>' 



c 



-C r i 



O 

c 



8. .s S 



■S c 
2 e .2 



yj 
C 

o 



X: 
3 



x; ^ c cl w — c 
— w> c x >> a 



Xi 

?3 



O 

u 



c 
u 

X) 



O JO 

C 71 



yi 
u 
c 

to 



si 



1 1 1 * a 

O 00 ' ^ 

X ^ JJ 



o x; 43 

o - >, 

c . . a> 

JC > 

* a <= 

<u C o 

£ so- 

^ o is 

•2 ^ 



-7; u 

c 55 n 



£ 

JC 
30 

JC x 



■■* .3, yi 

s 

i> c 

all 

2 u T 



E 



00 



3 



a. 



-3 



>> Cl 

« E ■£ 
0 u 

^ so 3 

■ _E ^ 

2 l° H 
^ m a 

E ij I 

3 -5 00 



c 

.H ^ 

; 0 
p ^ 

>, - § 

— n .3 

S o. 2 

CI C/] u 

Xt ^ 

30 c y 
O a b 

CL w O 



jD Vi 

n o 
x; ^ 

?. c- ^ 

c > 

C 

a. 



c 

X) 



-a 
c 
3 



o *3 



ri 
ca 



-a 
c 



■5 y ^ - 

> w ^ x: 



5 .S 



_^ rj ^ 

<u 

o X) 



u 

u. 
•5 

1/5 5> § 

"3 £ x: 

c a i? 
cd y: XI 



CI) c 

c o ^ 

'E °d 

I 

c *~ o 

O oj ~ 

0 e S 



1> 



y^ y) 
4> V 



00 y: 
23 .E IE 



2 h y l ^ 

C « C3 



^ a> -p 

c 5 u - 
■r E 23 

2 2 « 

2 ^Xj 

>> ^3 23 
> .2 

yi 

I 

So 

f = '-c 

g " M 

g n> £ 
x . 2 

£ & 'E 

^ -a -a 
o c — 

g 3 ~Z 



x: 
u 

t; o 



CL w 

ii 

3 



O ^ 



2 P 

3 



£ yj 



O 



t> 22 c 



C3 .3- 



0 *r <l> 
^ 2 



o 
Cl c 

yj 



2-^ 

2 £ .S 

3 r^i -*3 

■« « w 

w 5 

S 5 ■£ 

XJ ^ c 

(L> y: 

^ C ■= * 

-g C C 

Cl ™* yj 

•C 

o ^ a 



'fi , 

^ O 

x: c 
C 

3 



x: 



C CLOD 



x: 
x: 



>^ 
s** 

x; 

% 
o 



o 

"3 2 

2 s 

E ^ 

^ o 



.-3 
C 

.3 



X) 
■S3 
C 

OJ 
X 



50 ^ w 



X 



c 

ii 



3 C 

O =3 

to ri 

La ^ 



o 
c 



o 

X 



yj 



* 3 g 



C 5- 

o ^ 

00 = 



IS 

- to 



< 



O 
Q 



CM 

3 



2 o 

x: « 

3 



^ yi 

11 



c x: 



t/1 



"2 S ^ 
:c J= x: 



T3 
C 



.SI 



to 
3 



CL 
C 
3 

CO 



x: ■ 
t« ^ <r 

> 

* -SI 

a co 

-« r- a 
3 -= >> 
^ p » 

e s-e 



'o 



U J2 -3 



^ .5 ^ f : <n ^ >» 

" < U tT cq = 



to *** ~ 



? s &* ^ s i g 

J5 t3 .2 - - C J3 . 

a n s s 

M § g 5 "B e ^ 



3 -C ^ 3 p 

22 ts 2> c 

— - 0 r; 00 




S .3o5Eiga.c*a3^g 

- y^-^V = a <u x ^ flj-c 
ac ^^t=^ £ u^y o 3 

C O X O <L» c ~ 



ii u O x 
£3 si 3 cl HP 

CL C *0 ^ X 



c 




E 

5= TV) C >. -N O - 

c S oi J g 

•O 6 ^ C 
■3 'O 4J -ftp 

5 g b * g 2 2 



> to 



•5 23 § 



"3 -2 1 * 

13 yj 
M c ^ 

t- .2 t> C 

Cl vj go 
■ - vi ■**■ 



C vi 
- _ S3 C 

^ w c 



5 ^ 3 k - c * s g 5 = .2 g 




CO LlI 
UJ 



La 



13 



a: > 



o 



o 



o 



u !2 



© 

CO 



o 

OS 



A1IIN3QI lN33H3d 



£ 

U C E 

2 5 & x 
2 ^ is E = 

5 2 i ^ -a 

f 2i3| 

E g 5 g I 

>- i ^ o ^ 

1 0 c E * 
•x ^j- 



e 
o 

21 



o 

o 



to 



.2? i? s: a e 



i 5 1! 

© "2 £ 
1/5 5b ? 



E U 



!C S 

0 
u 



=0 « 



3 C X tj <N 



.2c v 



>< .3 



3 



•Si 

Jj 



•4 
u 

-J 
X 



75 73 



w y 

32 "2 

-A 

I I- 

.2 E 
.3 cx 

.-J ^ 

e r- 

73 

£ E 



2 * g 

.5 3 -c 

y y 

73 y 



t- J y 

cxs o 

E 3 o 

s a, p 

y i= 3 



"3 -2 E 

O >v vj 



2 5 3 

•r u 



y 



•E v 



73 



■- c 
-3 * 

a .s 

-c c: 



v: "3 c 
^ 



y ^_ 

y " 

3 _ 

zr 

y _ 

y — 

."2 3 

v E 

73 3. 

_ y 

E = 

v y 



c 

3 Q. J5 

y 



y. 

JC 
3 

a. 
c 

3 



C 3 

'y -5 

o c 

cx 73 



so d 



° 3 

■5 13 

y c 

-3 _ 

— JC 



c ;» 

•H' 



w c 



73 v 



y 3 



^ 73 
- -J 



p 2 y ^ 



y & 



* =5 
y v: 

z 3 

'i: 

cx - 
3 

■c E 



"3 

3 

73 
*■ 
■y, 

n 
c 

'e 

~ y 

n ii 

5 » 



3 -f= "2 

5 o p 

P .t: > 

- P D 



- u 

. > 

o Ji 
ll 

3 rs 

Li- 'C 

.E ^ 

J3 c 



c 

5 .2 
-S ^ 

1 g 
?1 

r E 



S 3 



o 
c 
a 

3 

XT 

3 ^T' 

r i w 
^ c 

^ -i 

c 

= 1 

£ -5 
'p *- 

"3 



.2 c- 

5 .s 



1 - 

■ll S 

— t: 

E 3 

■y. 

i-* 3 

II 



.2 3 — 

yi l 

a 

C <u c 
>> c 



c y 



5 £ 

73 



■3 .H 

73 



.-3 

73 C- 



.5 5 



^3 ^ C 

3 5 .2 

y. u 2 
' ^ c 

— 

r. 



2 S 



C3 



y 
c- 



if c 

5 | 

S E 

£ c 

V 73 



r» 2 

as e 

^ "3 

^ 5 

'■5 E 

o - 

c ^ 

E ^ 

3 C 



u H OS 

3 



73 C 

'c E 
cx 



l> 73 

.2 "3 

V 3 
> 

i> y 

C ^ 

'J — 

_c 

^ y 

, • x 

y 

y r- 



73 

y 



33 
73 

y 

JZ 



A 
_3 

c 

y 



^ 73 

•£ c 

o — 

s * 

— y 
c 



•s. 



73 

c 



y 



A. 

-J o 
3 — 

as 

1 5 

73 U 
3 



^ - £ l 

JC • W 

« >, CL 

y *i y 
3 

■a y 

E £~ 

^ ^ -E 

y C " 

3 73 £1 



^3 y 



.y 



73 



"3 

jy 

y 
y 



3 ^ 



— 3 



J3 

73 



5 S 

IE 

y ~ 
C .3 



73 a. 

73 3 

.3 y 
c 



3 1 



■i S 



.y ^ 

y c 



y 



y. ~3 

jz 

•-^ 73 
C C 

y, . ^ 

<^ _ 

I e 

to 
y 

C -yi 

73 

y jC 

^ O 

^ «— 

ZZZ 

73 U 

y zz 

y 'y 
c 

y <y 

§ « 



73 

ty 



u 
c 
<y 

<0 E y 
*3 ^ 

73 73 -yi 
_ O 

* 2 
— — 

^< y "5 

y 5 = 
y y 
c o ^ 

& E ^ 



L- 73 

JZ v 

y 



J3 — 



y S 
^ - 

c 



r3 y 73 



^4 



- ■£ c 

-o O 

<y ^ 

C3 (J ^ 



73 -i= 



y 

x: 



y 

73 



iO .3 



y; 

± =5 ? 



■- 73 

3 ^ 



.3 jz 

g x: 

yi > 

y ^ 



y 



*y; 

c 



vi y. 

73 C- 

3 O. 

™ y 
x: 



■y. 

73 r^. 73 

^ y o 



y 

y ^ 

w y 



. y 



5 S. 



5 Z a. 



^ y 

■5 ■§ -E 



O — , i— y 



c c 

J * 

i y 

* e 

« "§ 

3 73 

'i "3 

£ E 

5i> . - 



« O 



£« 2 
Si 

y 73 

3 3 



y 



■S 5 2 ° 



3 
73 i 

= o g 
a5X 



u 

_ > 
c 

y ^ 

73 C 

jz y 



x; y 

w JZ 

.O O 

e> .2 

3 ^ 

<y C 

.73 u 

c ^« 

E y 

y u * 



73 3 ^ 



— - : J 



^ c O 
c y c 
y 73 



73 U» "5 



3 w 

y ?3 
v. 

0 y 

■= ^ 

73 y 

- c 
-3 ~ 

y 73 

1! 

>>s 

n a 



5JJ sO 

■c o 

O n 



y .= 

a, ^ 

— y 

.s -5 

3 g 

■t * 

yi w 



.1 - 
t| 

y 

< x 
Z 

Q g- 

C ° 
b &J) 

.sl 

2 § 



< 

u 

5 



1 



C3 

y 



51 s 

5 S *" 

v; y 
^! 3 

cx — 



V! 



■a 
c 

S3 



CX £ 

r~. 3 

^1 
tf 

- ? 

73 

y cx 

— on 

73 



y 

y 

3 

y 

y, 

X) 

73 



y, 
c 



C 73 

i— y. 

CX 'jTJ 

^3 y 



ens 
— c sz 



y — 



b S c 

u: H 2 

^ y 

J! ^ - 

1 r >.. 

3 ^ S 

vi ?3 U 

g E «2 

do at> 73 

-3 y y. 

2 P c 

3 o <u 

y " c 

P > 5- 

- ^ ~o 

4> CX 3 

D ^ ^ 

73 

3 V. rv> 

2 ^ < 

a. J? ^ 

y 



.£ ■§ J 

rT — 'ZT 

^ 73 

>^ "3 3 

■g-S E 

5 B9 ' S 

i 



* 2 

ll 

73 y 



• — 73 
CX -3 



13 

SO C 



- — ^y^ 

3 S 



5/J 
C 

c 
o 
y 

3 

73 



C 13 

xz *r 



Zjz * 

• v. 



3 3^- 
3Z — O 

y - 



" — 73 



<y 



2 5 

c y 
c jz 
y — 

^ o 
t V 

-a I 

s t 

y £X 

^ <y 
> 



^ 3 

% f 

£ £ 

•3: (- i 

*— ^ 

0 S: 

1 s 

c '< 

O y 

o Xj 

y u- . 

J= O 



1 1 

'y w 

73 
JZ 

1 a 

•y 

1 S 



y 
■a 
c 

3 



*- y 



73 



£ "8 3 



Vi 
3 

T3 y 

y *yj 

"cx 2 

yj v_ 
y <i> 

i> cx 



3 

y — 

3 t» 

y y 



3 

<y 



i .2 5 - 

E 2 % 

•"3 C O 

.E 

y "* s 



73 

y 

G C 



3 

I 



< 



v, 
3 
U 



3 ^ X' — ' 



71 r>~. 



Pi 

ON O 

73 x: 

y y 

y 



li 3 

3 W 
CP 

v y 

y; J3 

C 3 

C y 
y 



•y - — 

o ^ 

M 3 

Si 

-O -y 

cx 

c 

73 



.3 y 

*is 

i> cx E 
i: o '-3 

P c c 
i 5 S 

.1 

y — li 

E > 

si S ^ 



W) 3 

.E ^ 
y y 
3 _c 



y O *2 

ax: r 



1> 

Vi 
73 

<u 
u 

o 



y 

y 

y 
/i 
y 

JZ 

*-> 

v- .3 
s— 

3 

O 

-C 



-a 

°- § 

y 

x O 

-e £ 

s 3 

3 -3 

is 



o t« 

.E'i 

9 w 

»- ^ -5 

'Zt y c 

73 y c 

t; ^ aj »- 
y 



2 8 



y 
x: 



CX <N 

y ~ 



73 3 



y 



CX ^ 

C^ y 

— . > 

-J 8 



T3 (JU 

y 

y O 

La 

y •— 

y 3 

3"§ 



y 

73 



3J 

x: 



■y 



— y 



73 XI 



— - 

5 s» 



C 3 

r ^ 

O -2 
cx .E 

o 

CX 



"3 

§ o 

3 | 

cx 

r- y 

3 3 

^ 2 



y .x 
> 

■- TJ 

cx c 
y « 
y ^ 
O 

73 - — 

t> 

C 0 s 

73 ^ 



y ^ 

f 2 

S3 

x: 3 
~ u 
v: ra 

73 <U 

cx x: 



c ^ u 

73 g Xi 

v: "2 

«j c nj 



£. o S E « « 



y >. 



c 

73 



o y 
jo -S 



.= x; c 
y 



73 
JZ 
*-* 

y 
P 



° E 



5 cl c -S i 

4> .M 



0i 



3 73 



^ c - r3 x: 



y 

C 



73 

-5 



3 



CX -3 
"3 3 

w 73 



S r 5 ° 



3 x JZ 

T. CX u 



— i_ CI 

C <■ — 



y 
y. 

£ =5 



— ^- 

^ 2 ; 

y 5 ^ 

•~ 73 

- ^ 3 

y 3 73 

J. | | 



^ = = ^ - = - T3 - y. d u. 73 y. 3 3 3 

x ^ y E * zt y >— i=-3« >. 5 c c3 3 — 

r- J: ^ 3 -y ~ -y 3 ^ — ^ y — c 3 c_ 3 c ^ 

C C i. = - ~ h V * ^ C - t "3 »- - ^ C 3 fj *^ 

i- .— 0 1- 3 — r: y y • .— rj 1- — = 73 -y C 

«j -3 _s y CX v: CX i Cri 3 > C-r - 'j w c: y 



— y 

(- O 

y y 

^3 3 

§ «. 

v: 2 

y _ 

<y 

cx 



y 



•y 



CX 



y 

"O x: 
y — 

^ cr 
y 

cx-i 
v. y 

1* V- -yx 

n y 
y r3 



y 
1 

x: 

XT 
73 

o 
t: 



y 

y -3 



3 0 
x: > 

H E 
^ y 

30 3 

r^. 

^ v, 

.3 
y 



E 
c 

vs 



^1 

.3 73 



y. = ^ 



S g.5 S 



y >r 



y 
73 



.2 y 



'-r- -3 

32 U 

y c 

U "3 

• u 

— y. 

3 73 



3 

y 

£ -2 

CX o 

2 3 

— > 

E 3 - . c y 

— « y . t- — • 



Cy; 
c 

to j= 



g 2 

i-s 

_^ 3 

c -c 

y o 

<y C 
X) 

3 E 



y k 
x> y 



•~ y> »-v 



3 .3 

*73 

E 
3 



~ * cx 



« c 



1> 



y 



3 z 



■3 .a 



1* o c -r: «; - y 

— iii . _ 1/^1 • — —~ 



3 73 rt » \ £ ~*z 



y ^" 

» s 

73 

«3 -3 



"3 D 'J 

. — — JZ *" 



■J 9 



3 CL 

y 



•y. ^ 

3 ^ 

is 

y 

y ^ 
y 3 



y r— 

-5 h: * 

f.= l 

O y 

70 V) 

-E < 
o 

O vi 

ci a c 

E 2 

O X) 

ir. r* 

3 c b 

• — V* QJ 

y O c 

7^ 'zz cz 

£ - -e 

CX c oi) 

^ zz 

^ o 

^ s ^ 

* G «— 

• u u 

C ^ 73 

cx "E ^ 

y £ 

2 .E ^ 

_ o 

73 ~ 

y. 73 



O 

c 

•u 
c 

<u 
c 

'jz 

H 
E 



V) 
C 
73 



y 



73 



o > 
JZ y 



cx c 



3 

73 .3 



-3 3 



^ x xj 
.-' 73 — 

< -I g 



y • 

j= .E 
w y 

o e 

^ cx 

y *3 

cx y 

!8 

II 

o 2 
p y 

0 ■£ 

v; 

JZ 

c 

— 5: 

^ >. 

> « 
"3 y 

> Si 
•E *-5 



O 

>> w 
m *- 
o 

* Si 

I- 8 

<i= c 

.2 

v: <ij 
y 

^ E 
" 2 

<y cx 

« 

.2 o 

c C 

<y TP 
<y> c 
w 3 

s *^ 

c 



to 



y 
so 



1 



5 

6 

3U 

u 
o 

X 

< 

til 



H -e =3 £ 

<J 3 .S - ^ 

S c .2 5 _§ 

df» © :» "O 

■3 ^ C - 

5 = I 8-1 

— *- < "" s 

~ < Z y " 

5 Z O 3 1 

S ° « 2 5 

O : — V) g*J w 

1 -S & 1 £ 

•5 § S 5 | 

J* C -J 

2^ 3 O l> 

g. » g j, « 



3 

ra 



4J y> 

«— /; 

3 3 

- T rt 

o 2 v 

©■ ^ c 

e p i 

v 5 5 



• V5 

c ~ 

- 3 

x? Si 



w ft 



~ 5 « a £ 

- r- 3 fc 



E 

<— ■ 
c 



c 



J= 2 

ra r 



* ^ Sb-S 
Son 

*<© 

o to 
« 3 t) 

3 



O w 

u o 
X> fi 

2 ■£ 

.2 3 
1> 

■yi 

ra 



71 O ^2 ^ 

. E 2 £ 

CO ^» ^ ca ca 

-S IE .£ - ~ 

-= « IS 3 S ~ 

w c 

C = y 

o 3 «J 

2 a 



c c 



© 
£ 



a 



• 3 i d O a = 
^ = < i 



^ J -S f 1 2I--2.S 



■a s o | « 

2 2 5 c 

^ -£ ^ ^ 

■a 3 E ^ > 

1 3 b " * .s 

3 .2 r -2 



5 3 § 3 



_ - u 

<U M 3 

c **- 

Si - ^ 



v: « 
^3 



C 



- - s § I 

2 2 E o .S 



t3 a> 

O a> 



o 

S3 



t 2 a> . 5- ^ 

'= £ » S c «J 

, t i> -^3 t: 

■ y £= *- V 

5- I 1 ■ g 2 

— a 2 a- M 5 

5-5 |_- g g- 

" U g 3 03 

***** 1* "™ — 

= 5 - ^ ?? >^ 



3 E 
3 X 

< ^ 

- 1 

-3 -3 

xz c 

— 

_D w 
3 — 

cx ra 
c c 
3 '5, 



^: O c 

w *- 3 

= 1-2 

If O i> 

« I I 

P i*r 

u I*. *" 

S -S 
.2 S 
3 8 



DO 



o ^ 5 3. 



5 5- 

o B 
— p 



^ - c 
2 c i> 

\! V5 "J 



u a: 



o > 



di (L» ^- 

•c g o ^ 

° = S i 

-3 O -"3 

3 w £ =^ — 

Q c w o « <= 

2 ■§ [S 



2° 

U ~ 
c 

< i 

. « 
a] 

^ i 

> s 

3 i_ 

© a> 
o 



- c 



2=< 



3 
C 

© 

- B J 

C 



3 S S 
c -c oo 

O f J CO 
3 

■— t« 
° SO — fM 

■ * I- - T-f 

c = o -£ 

- © ^ z 

c C ^ «J 

rr: © i> t: 
(*--©>© 



,^ < ja r S 
c IT .tr 



S3 E 

^-■^ v _ 

-c ^> ^ S 5 

« « t5 3 -° 

« y 2 « /) 

§ S c S f 

5 g s ^ 

= I -5 

^ vi C c m 

3 ^ ^ O " 

C C O > « 

ra 3 u ^ 

5 j= e a g 

« H O ^ 

I a | g i 

.2 ^ ^ .'- ~ 



E ^ 



w a 

X ^2 



*3 
C 

c 



c 

o 



-> c 

'-3 -S 



^ ■ «f 

~ NJ y '-a c 



*^ ^ . • .r ra 

E -o 5 

» g 3 S J? 

f- ^ © -o 

S 3 £ c 

•£ oo .£ u= 



'■3 i> 

— a 

=o a 

c 

'3 v. 

'J 3 



1> c 
c ra 

"i 

t£ ra 
ra 



ra 



« oo 

3 

© 

x; 
< 



c - js x: © ^ ~ 

■i 8 

ca OU ©. M c -^5 

^ c n c o 2i 

S ? 3 « - -c ■£ 



=• U , XJ 



"ra 

"a 
c 



^ .2 
5 ra 



_ s 0 I s I 

■5 :< -I § -l 

2 -a* -i^j s 

i3 ^* 3s? 77 ^ "© 

| § £ S • = 



u 

'7. 
•© 



•© 

t. ^— « . c 

« © UJ 3 

-A C 



Q- — i_ C A 

? £X ra O 



ra 



a* a c ^ £ ^ 
ecu© ^,0^5-0 



C O ju ty S 
> fe_ ©- 2 S5 

3> r- 3 K 



= 2 
g Q 

■« © 



c c 



© ^ 



ra 

3 — * 

x? ;e 



a> O x: 

> - 



3 



S e 2 
x: u 

s "§1 
3 & S. 
s ^ 



•o t 

,a < 
z 



U 
Xj 

C 

ra 



ra 

ra 

> 
sa 
x: 



s 

-3 

x: 

ra 
£X 

< 



o 

I 



E c 

SO ^, 

1 ? 



c 



T3 



> - -»= § - ^ ^ ^ 

"* H ^ — « L) J= ^ 



3 



■2* «J flj 3 

. ii jii-o ea £ -/^ 
~- ra w . 



x: ^< 
00 . 

3 _ »n 
CL ^ rs 



o u -° ~ - r o ^ 

c>© 3 ^E-^.^c 

x; c ^ ^ 3 P r "5 

~" <l> £ 0 .3 c C 

S K 5 E < a 



JS 

ra 
x: 

s: 



2 > 



T3 
C 
3 

.© 



C 

CO 



CJ 

ra 

s 

ra 
a, 

< 



a 
< 

at 
U 

O 

a 



1 



< ^ 

U • — 

© ^ ^© 

d © 

to 50 - 

^ Z 

U C 

J S 

^ -o — 

T I -s 

JJ o 

c c OJ 

ra .5 x: 



g 9 



ra 



Xi 

- ^ C 

.Hxj E 
u c ,0 

o ^ ^ 

a. "ra CQ 

c= 2 
ra q c 

E ^ •© 
© o 

*" TJ 

si 3 o 

lio 

Cl ra 

O CQ a 

ra ^ g 

= C S 

a a S 



* g s 

- ra 

Si • — 

33 *= * 

c « *- 

H * S 
< «| 

^ o 
a >v&, 

-3j ' ~" ra 
O CO 

X) v Q 

^ g-g 

*© *© o 
ra < « 



c 

D 
3 

or 

<i> 

■si 
Xi 
3 
yi 

-3 
C 

ra 

30 

5 
c 



c 

a 

00 
3 



* a 

C 4» o 

■308 

O c ra 

<— -3 v 
© c x: 

l : c 

,a g 



c 2 



3 < 

?. a 

3 

<D OO 

.a u 

1 » 

ra ^ 

ra i-j 



> 

3 S 

H5 0 
y) x: 

^ xT* 

X c 
— a> 

E ^ 

^ £i 

< S 
z = 
Q -J 

^ B 
uj 2 

3 £ 
o *-* 

X) op 

73 x: 

^ © 
c ~ 

CO 

o £ 

ra y 
ra 

C — 

U 1> 
tO O 



ra g - K 

x; c m > 

Cu fJ J* 

" « -5 © 



- % < :e 



n c r 
2 c >> « 

I III 

o «lT .2 o> 
c ^ = "3 

" 3 u 8" 

? V x; 

^ -E o 

^ 5 S 3 

« c » is 

ra & a 



m c > 
0> £ -a 
^ ra <J 



ra 

< 

2 

a: 



S 
ra 

< 

2 

- g *o 

- § 8 

o S. c 

u 



IE 
1 



0> 
-C X3 

2 - 

3 C 
TJ — 



£ XJ .z. 



^ ? 

il ^t3 
3 •— c 
y. Z n 



© c 

.§ < 

" 2 



^ 3 



5 9 5 » 

? ~ i .1 

y - u = 

'Ml 

^ xi -5 
5 12 2 c 



© © £ 

ra w w 

If § 

"~ Q CJ 

© ■£ x) 
u 
o 
c 

n> c js 

^ O 

a. y 

o ^ 



•» J3 
— U 



X 



8 2 



is -x -5 =f 



•S 3 '5 
"2 « s 



ts) 
O 
XT 

=t 
C 

ra 
♦»> 

3 

E 

> 

C 

v. 

£2 
3 

ra 

u. 

CJ 
Cu 
C 
Si 

ra 



-3 



© 
y: 

yi 
ra 






CD 



SI 

C ~" — 1 

*- .r: -ii JS p i> 

0 "2 c c ^ o 

Q U ^7 4J 

- c *^ •£ ^ V 

1> == S e £ 



5o2jj 



4> 



t O CL ^ ^1 £ O x; . _ 



^ " V) "3 -S 



1 1 1 1 1 " - 

*s n o c 





I20 



s ° 1 * "M M 

— 2 i*- C o 

^ f§ 0 ^ O — 
^|c^^-H^i»> 

^ e. a ^ *- 5 — £ > S S 

^ IL .E a. .S c - w jg b .2 

-c o n> — ^- — ^> V 



C 



c 




3 



t/1 

ju 

u 

b 
a; 

o 

X 

< 
X 



-■3 



2S 

2 5 



00 ^ 



3 



X 
50 

S x 

CD w 



c x: 



i J 

s .§ 

n 

u a. 
x 0 
-a 
e 

^ O 
1> X 



S 5 « -5 

y ,, 5 i - 

£ = 8 



CJ O 



f — 

c — 

« c 

<D 

_ 1/5 

O <U 

cx a. 

x = 

•5 2 

o * 



< 
'i B 

X 

I & 

c P3 

o 

a. -3 
—\ ■— 



2 

3 t 

Si U 

is 

00 x 
« > 

* s 

1— 

U ^ 

if 



C 

y> • — 
O a> 

«s .s 
<= I' 



T3 C3 



S 3 

is 

> o 

4J «— ' 

C .-3 

°-i 

o <u 

> Cu 

yj 

- *> 

e § 

^ B 
2 c 



E 

=3 
D 



c 
£ 



1 2 i 



S E 



V5 

a o 

§ s 



E -c 
E M 

-5 o *o 

N o o 

■g II 

3 » 5 * « 

g a = --a § S 8. u 



c 

C3 
v- 

f- 



V 



=3 

E 
E 
o 
o 



3 

,o 
u 

> 
C3 
SI 

C 

o 



E -o 
c 

6.S 

I c 

oo J= 

-i S 

'3 oj 
O ^ 

d 3 



? § ■ 



P 



t; c u 

3 2 -° 

^ ° y? 

O C « 

u 

u «J ^. 

g ^ < 

— .0 00 



— a. 



,3 O 



E 
o 

V, 

o 



V) 

.E 
'5 

2 
a. 

-o 
u 

£d 
o 

cx 

yi 

c 



O £ 



^3 
<U o 



si 



-a 
c 
3 
o 

- & ^ ^ 

3 2^ 



*3 

E ^ 

w — J ^ 

w 1> ^3 
T ^ 



o si 



C 



:c c 
E c 

S.s 



■0 

1) 


CO 

c 


V3 
y> 


J-4 


t — ■ 


*-< 






' 






O 


C 


0 


U 




4> 
"O 


u 
c 


CO 


1ft 

' -si 




3 


CJ 


Ti 


/I 

it 


'J 
w 


if i 
^5 


-O 






"0 






"O 


c 




yj 




D 

E 


c 


CO 


c 


0 


a. 






H 


C3 
CJ 


E 


*t3 

i~ 


< 




C 


-a 


'C 




c 


3 


3 


S3 


a. 


*^ 

,^ 


C 






mco 


6 







> 



1- 3 

u - 



vT o 
S o 



73 



r « c 



8.' 



3 ^ rt 

_ *- c 

C c 

'E 0 - 

" § sa 

Ms 

< u . 

C S C4 

z o °- 



< -5 
00 £ 

C3 — 



C 
3 



i: - 

g P 

1 8 

C CJ 

1 = 

.E o 

If 

CJ <-> 

yi 23 



in 
C 

o 



?3 
O 

«— > 

C i:J 
"u X) 

•S E 

*— ' v. 
U a; 

O u 

b ^ 

rt CO 

J > £ 



r3 
O 
O 

c 

3 
C 



00 



u «j .r: 



4> 

S S « 

-I 

CJ ea < 



yi 
- rt 



.2 S 

c p 
^ E 
3 ■£ 



tj -J= 

8 -8 u > 



4J S3 

w o 

s « 



8. 

-a 
c 

_^ 

CJ 

c 

Oh 
(— 

N 

«1 

SI 

Si 
CO 

.S <u 

cd « 



c 13 
— u 



eg — 

<j i 

c ^ 

3 ^ 



E v. 

W U 

^5 > 

(/) - — 

^ -is 



^ a. 



Si 5/3 



'A E 

w 1 
Si w 



OO >, 

3 s 

n a. 
~ H 

1- 

£ o 

CJ c 

s « 



2?i 

C ii 1) 

2 c -a 

(50 

" # g 

E 

u 

w ^£ 

3 &o 
'C o c 



u vi <a a 

5,1 O vi tft 

d u — 

3> oj 00 

el *J9 C 



2 .£ 



x: 

£ 

£ 



I 5 



4> 



C 



E 

*C 

2 

SO 



C 

o 
1j 



o 
u 



4> 

£ 00 

u ■ — ■ 

si "O 

? 5 

£ !3 



g s 

a. 

- 



'— 1 TI 



1 s 

— , 3 

I ^> 

in 



4> 

00 o 
3 C 
O CL 

^ 00 



H -a *C aj < CL 



« 1- c o 
> c u 



<U OJ 
S3 



5- S 

c ^ 

S=5 2 



1> 

c 

8 s 

OS 

00 ~ 

c ^ 

*5 c 

o ^ 
^ 2 

3 _D 



C 0 
.3 O 

2 

? * 
a, c 
00.2 
.£ -5 

= -a 

<u 

0 s 
^ E 
"S % 

* § 

u 

Cu 

8J 

w c 

o «J 

.E 
J <u 

T3 DO 

u 

8 g 

4J 



£ o 
O 

o CO 

x; * 

•w cd 

3 J= 

o - 

*o J 

y» .2 

.2 0 

S .2 

-3 O 

— - 

C o 

f * 

C ■£ 
a> 

O o 

vi O 

g -a 

3 © 

o .2 

ccj 

C ^ 

O v) 

C 4> 

V3 > 



< 



2*2 Q 



Cl. 



o 



3 

C 3 



e r 

r3 

— 1- JC 
w ^ 



< - 

* i. 

Cl 

o 

=?: cc 

O .-a 

C 3 

c a 

•g 00 



1J 
3 



V C3 



i - Cu 



.£ a- 

? < r3 

- = I 

E < 

2 c « 

-0 C x: 



0> 



c 

o 

tj 
nj 
If 

u, 

U 

X^ 



^ = r 

W w 3 

E c 



a. £ 

<— u. 

?5 -J 



o 



.= g 

I I 

? "3 

■s < 

x: 











V5 


-H 


U— 




O 








\) 


0 


JO 




s) 




CL 


x; 


73 




U 








i£ 












c 






3 


rot 


bo 


c 


S3 




O 




> 


CI 


*> 


' C 




3 




c 


r J 










x: 




(- 


"y: 










ri 


C 




E 


t» 




y; 
















"5 
















r3 


0 



c 

D "g ^ 

^ S3 o 

— X) vj 

H I 1 - 

.9- 5 ^ § 

^ cj 



oo IE 

£ =s 

i» . 

X >> 
S3 

— > 

t- ■ — 

^J " 

n 



r3 ^ 



E » 
3 ^ 



5? g 



^ CJ 
3 >» 



c x^ ^ 



5 E -3 
< 2 = 



S >■ ^ 

^ > V| 

3 ^ X 

3 3 X C 



a.^ 

y: 

X 
Cu 

*i v. 

X V, 

— o 

.5 2 

E £ 

o 

y; 

c- -3 



y; ^ 

• -7 £ 

t§ 

o .£ 

> £ 

c c 

X, > 

o 

v — ■ rd 

< ^ 

< > 



£ 0 

o ir 
1- x 
x — 

s 1 

■* rs 
— 73 

yi ^ 
X < 

Ji & 
c w 

ii 

CO 



y; 
C 75 

Cj 'ZZ 

^ -o 

cl = 
7^ 4J 
3 U 

a x 



ON 

ri 
ri 



> a> w ^ r- 
- > > o ^ 

* x •£ i5 



c y; 
% 2 < 



i> ■ 

y. 

<L» ~ 

OJ t— 1 

C 

"5 w 

C 3 
> 

fd nj 

x jr 



X 



1_ 

o 



™ c 



C 3 

'3 c 

il 

s- > 

■= >. 

c -o 

3 = 
x 



00 E 

0/j r 

3 yT 
r* JC 

- m 
tN ri 
r- ^ 

S-2 



2 *c 



> lA 

X — 

y. fJ 
60 

r- C 



■5 1 

c ^ 
&. E 

J3 a. 



00 



X 

c 

2 

y, -5 



3 X 



c 
'J 



CJ 



y, 
X 

E 



.12 

£ * 

Q. 0 
1 



2 

3 

u 3 

r3 

'J — 



2 3 

— C 

^ 2 

C 
CJ 

n z 

£ .£ 
Cl 



.2 oft 

^ -s 

■y, 
n 

■f % 
2 S 

Cu ^ 



X 

v. 



rj 

r- 

-5. 



ii 
x 



.3 *J 



X 0) 

y; 15 

C3 



y "3 



t 

/J 
SJ 



■y. 



3 



u rr 



Si! 



3 >* 



— to 
9 ~ 



= T3 
— U 

.3 -g 
o 

5 § 



I 1 
£ c. 

j * f 

x if 



G. In 
X — 



.2 o 



5 ? 



^ a. 



^1 vx. J3 u 





3C 










Vi 










c'i 






v. 





r ; "g. 

J= x: 



Hi 



X 
Q. 



x: ci. 



= a. 



C/) 

5 
3 



o 
a: 
a. 

O 
X 

op 

is 

X 



'C > « 
o ? ^ 

•s> 

yj 
73 



t3 



c 



c 
3 

y 



o 
c 

3 

Xi 



£ £ -c -5 ■= ~ 



i if .5 

~ y 

e | a 

£■ y> 

•£: ^ *** 

, _ * 5 
y _ 

2 Z 

c 



y: 
=3 



>* 

E 

I*. 
73 

a. 



* B-3, 

.2 _ o 

:3 *Tj r. 
>. ^ ^ 

P "2 » 

&2 g 

<*r j£ -° 
O O 

y c 
ss V X 



y o 
'= 3= ~3 

Ill 

g.s *d 

3 c 



S a c 

E t 

e c — 

1 '5 a: 

* 2 = 

OO SI QJ 

H 'g .c 

oc ^2 -g 



X 

o 

24) 

c 

-5 
_2 

y J3 



y 

y 

JC 



'J ^3 3 

" a. 3- 
■ — y 

y 

-2 -= 
2 ^ c 

t ■= 



yj 
c 
o 



O 
y 

>v 



c ,3; 



y 



oc 



30 = 

Z -£ o 

£ » s 

< - £ 

3 a * 

jq -5 _c: 



o 
c * 

^ ^ c 

o — '3 
a - i; 

Si" 

e as ?■ 

- 2 3 
,0 _ ■= 

■"";"» = 
c -S •= 

~ g I 

P = 2 

•J L- 3 

x 

o .= 



O 
rz 



C 

Oh 
3 

r- 
ao 

a. 



T3 



"3 
C O 



^ 3 U 
C 7 

c r c 
d « 

3 E 
-2 x; 

■° -s " 

— ~ c 

a I e 

« E c 
c2 2 



£ E 

U. /I) 

^ j= 

'53 oj 

c a. 

I i 

e ^ 

= 3 



•~ ~ cl 



Si 



c 



3 ir 



— 5j 



£ 



o a. ^ x: 



v) c o c — -r 

™ _ S r- • • — ~ 



§ E 



o 

■r. 

St 



S3 ^ ■- 



c 



u - o 

c -E r 

3 = > 

a 1 «=- K 

C y: 55 

3 — 



c x ;j 

•j o 

o V. 

3 r-' 2 

* B ^ 

^ = w 

c — 1- 

.2 r -j B 

.3 U <Lt 



■A 

c 
'71 

o 



x; 

_3 



c o 



5 ^ ^ 

.= 3 

el - 0 

.2 ^ = 

o a) 

^> H £? 

» " -2 

J £ * 

a < o 



~2 E 
~ 5 



?3 



-y, ci o 



c c c 

a a» o 

— 'J *— 

^ si 

g S » 

S 3 - 

•5 J= -3 

C ^ 

P 1 I 

*~- x i 

£■ 0 S 

^ yj .£ 

« 0 ^ 

.2 i _^ 

c iZZ 

? i - 



Si 



|J5 



-3 



E -* 
o — 
f3 "3 < 



15 



N £ U 

3 



■t o* 



O 

'a 2 
> 

£ S 



5 



- 5i) 



= = o. 

'E 'E -r*. 
•— &Jt> 

H _3 O 

ajj at, Q 



*> * -a 

r- X PJ 

.5 ^ 5 

2 „ * 

5 u o 

t- v 



x: "o 

V *3 

c 8 
S 

£ 5 

— jz: 

1 £ 



V) 

1> 



c 

3 
E 



^ J - 

U t> C 

xl § 

? 2 - 

-3 % £ 

« 2 I 

C ft 3 

. 2 a-! 





0 




£: 


~2 


3 


I 




r*. t 
-J 


c 




< 


CL 


E i> 




-3 










w 


a. 




a 


>» 


0 
c 






X 


>. 


0 




1 


a 


u 


a 


u 


0 


c 


O 


u 












■£ 


> 








'3 






x: 


y 




tha 




rj 
t 

■■s. 



vi T3 

*** CJ 
J * 

^ oc 

I'e- 



3 /> 



c 



2 



x; 

£ 
3 

c a. 

k § 

O- 3 

2 1. 



^ c 
-E « 

•~ Cl. 

~" O 

o 



1> •= CL 



1 2 5 

2 c = 
r. >. 5 



5 b 

■g « 
e £ 

> > 

O <W 
O 73 



r-4 u 
Cl 

■a 

^ a 

UJ w 

C c: 
a; « 

- a, 

o * c 

2l 

- o 



ci. 

JO 



t/i c: 

£S x: 

o g 
2 'S 

x: 



c cd 

2| 

a. cl 

on 

c x: 
« c 

1 = 

E g 

■s 5 

o ^ 

§ n 

on y, 

. V 
<U 3 

5 -° 



'w y) 

x: vi 
Cl - 

y] = 

<i> c 

■a ^ 

o x 

" v. 



e .2 O 



x: 



^ x: 

V, i 

1- <U 

o 

— 'St 

r= o 

^ s- 

x x: 

5 § 



O 3 

§ < 

0 . 

1 s 

— o 

c: o 
a 

"2 c 

c; o 

U 3 

7} <X- 



c 
"E 

_ u. 

cl c 
c 

p OJ 

Cl ca 



,2 c 

fi 

n a. 
< -2 

On" *S. 
PI O 
— ^. 
^ . /-^ 

n& 

73 

^ c 

p , ca 

§ 

0 ^ 

1 ^ 

o ^ 
a. x: 
a> o 

^ <u 
c x: 

x> o 



1> 
> 

o 

X 



3 

Si 

II 



T3 

x: 

Si 

3 

a. 
c 

3 



'S 

u 

ui 



w 

CL 



'3 
a- 

c 



CO 



OC 



a 
< 

in 

5 

g 

z 



if? >► 

_ a> q 
C c 3 

% i « 

u Cl 

Cl 



a, c 



V5 



"i 

'^3 r- X) 

3 < * 
Cl 



O 

y 
c 
3 



o 

T3 
C 
3 
O 



o 
o 

c c 



a) « 
c h- o 

§ 00 ^ 

0J 



2 = > 

IS 0 0 

v> i> r 1 

c x: 

o cl 

'7Z 'Si i^. 



c 

.3 



x: 
"5 jE 



CM 



s, 
O 



. 8 .. 

CL U <L> 
r3 3 



2 

o 

T3 y 

^ > ^ 

s c » 

3 ■£ 



x 

*-> 

o > 
x: -r 



s. 
<U 
3 
yj 

Si 



-3 


O 






c 


1> 

> 

"5 

> 


react 


73 

CL 

'Si 




sent 


c 


the 








y. 


•6 




Cl 
u 






V 




s 












1) 


JS 


> 


C 




2 








< 






O 






Cl 




."3 


r3 





CL 



r- 
a 

V) 

/: 

t! 

Cl 
*r 

CL 
/— 

c 

,"3 
X 

E u 

3 ^ 



50 - 



o 

c 
3 



x; 
r3 



J2 3 
y xi 



c sz 

8-1 

i'l 

r 3 5 
/: » 

< v> 

3 

x 

L7 3 

< I 

X © 

< - 

y 

z B 

£ R 

Cl 
ys 

s § 

— c-i 
^ r- 
Cl 



X> > 

3 *- 
yj .t^ 

yj 

i2 c 
c o 



Cl _2 

JS 3 

cl 

00 
ri 

C 3 

E Z 



V) u 

§ O 
x: 

y 

75 E 



§ 3 

y. 3 



3 > 
.5 H 

2 a> 



S 2 

,0 > 
^ o 
^ y 

CL [5 

* .a 

i 2 
1 s 

i 2 
M 

S. Q 

«u y 
*- x> 

> c 
« y 

» JjZ 



« Si 2 u 
Cl ^ s, c 

Jo x: 



o 



y 
o 

s> 

Si 

C3 



o ^ 
y 

o V 

c .V 

1> « 



> >i -= i a 5. c 

i-f r- (« 



ni « U _ • — 




CL « - r- 

8 S4 jc >» 3 •= 

0 -E «i x: -p 

c x: c w ^ 4/1 

^ ■ - ^ <u ^ --3 



o 
c 



y s. 
y 



-5 2 o£ 



o E 

C ^ 

y: 



C3 



T3 



o 5* 3 w a. 
>> c ;J u u 



-o 2 



y — . — 



y 



y 



OIL, -O* > -= 

^- ^ c -r y ^ 



c o 



s: JD 

" jj 

< ~ 

y 

1- XL 



x y 

3 Xi 



y 
3 

y 3" 
£ 2 



2 *P 



Cl >r, ^4 ^ O >» 

^ vO w =r x: -c 



y «.> 
-£ 

t: y 

y x: 

^- ^ 

— y 

2 



x: 

•— y ^ 



y 



>^ ■- Xi 

5' J 8- £ s .2 - - 

s n — s. 

2 C CL w — ' 

S- Q « 5 c w ^ 

3 .3 C r3 3 X: < 



o a. 3 



y 
c 
y 
00 
c 
a 
c 
o 



h 

< 

a: 
C 

ij 

y 

a: y 

< « 

"i "~l 

d & 



x v. 
y 

v: .— 
C 



73 

y 



yj 



o 



9 ^ 

v. .zz 
< * 



E _ 
,0 y 

c 

1.1 

i: 

O x _c 

- CL - 

~ Xl 
73 

c ' 
o 
y 



c 

y 

y 
c 
y 

y 
x: 



c 

y 



•3 
c 

r3 



k. 

2 7 



y ^ 
5 I 

5-§ 



— 2 « 

^ H '5 
= 8.3 

y — i 
£■ § c 

1 E 2! 

O *r y 
r~- .0 -jZ 

n% 

^. y^ r-* 

>; a> -g 

c > 

£ c * 
^ ^ S 

y 75 'y 
S -S o 
■2,, cl 
53 cl S 

x: Li r3 

* .E P 

•3 ^ C 

y ' .7; 
y 
x: 



■3^-3 
y y 

y E 

yj v> t 

y y O 
& '~ 
00c 
can 
>» 

•= ■= o 

— ^ CL 

^ a I* 

-I « 

y 



m y 



3 

X5 .2 



Cl ' 
Cl 

j3 



xl v y 

.^v Ci 



?3 yj 



-a ■- 

y S; 

S, w 

73 "** 

y *-r 



y 
c 



c 

."3 



C 



c 

.- fc 1 

» S 

y x: 

y; +-j 

3 ^ 

S J 



Si 

x: >v 
H fi c 

« ^ i 

UJ xz zz 

g ^ 

f- c ^ 

W 3 > 

^ oJ ui 

y b .£ 
x: < 

r: * £ 

* ^ v 

£ -B 

tz c 



o 



f3 

"y 



V. 
CL 



•3 

y 



7 > e 



y ^_ 
c -3 

y c 
s, 



y 



^5 y- 



y 

•i X) *•* 

2 ^5 y 

— y -3 

— N SJ 

C ' — 

_ y 

~ X) C 



sis? 



i E c 

*3 y. 

- § = 

y ^ — 

0 ~* 



n -2 ^ 

y= y 

- ■£ 

s s « 



"~* yi C 

XI 5 
"3x5 

■y 

y* ~ 

^ K H 

^ ^, 

"yob 
y y 73 



O 



li| 

3 E c 
2 » - 

g y 

« ^ V 

73 CL Sg 

i> -c E 

^ c: 

0 > o 

y > 

c 3 S 

1 3 S 

■v-t C3 

las 

y y _ 

C y; ^ 

3 > ^ g 
^ g 2 

3 o g I 
* = § g 

3 c c 

3 ^ Cl 



OO 

2 



o 

erf 
a. 

2 

X 



s. 



o 



it 



.-9 
2 



a x 

r3 



8-5 

V 5 



.2 5 '$ 



3 T. 



'J - 



V5 

.2 v 



8.2 



c> c *u 

Is I 

F ^ E 



x 



33 

"a. 



3 



u — > 



Si C3 



3 c 
n c 

■31 

3 r» 

?3 " 



= c ^ X ^ 



? CO 



4! 



t* - 



3 • r- 



e 

00 



.E 5 

S 1 

co 2 

SO X 
3 

* o 

7- 3 
■=< 1> 



^ .£ o 



LL] 

~ 2 

g uj 3 
c* 2 =5 

'5 ? 



i « « 

c ^ 

>- o £ 



X) 



5 § 

E -~ 



c 3 



u x 



*~ — . /i 



c 

o 



'J 



\i z s< 

<U 1> C 



3 

o 
o 
O 

U 



32 '3 

-3 

< S 

2 ^ 

Q a. 

^ a. 

v- 3 

*>> 

t_ ^ r i 



Si ?? S 



c ' < 

^ 33 2: 

< a q 

3 i- O 



II 



c 



3 - .2 



-C — 



— > 

;§:- 

■s -s 
^ 2 « 



33 

c 
o 



c *c 



u o 

3 « 

c »^ 

^> J! 
^ : 

c ^ 

^ "3 

-J 2 

C 



£ 2 

Is 



CL - C 

i ; ^ I 

^ -J 
£ -o B 



> .2 



o 



2 c 
^ 3 



U 3 



_o •- 

~o ^ 

si — 

^ 2 
a. c 

3 

"3 

fl> O 
X) o 
c 

c w 
sz 

*** 

§ § 

« 5 



a 



* < 

Sol 

O <U 
w o c 

•g g< 

O (U — 

^ an 
= ^ c 

E 

C 3 

x> — 

CO « ^ 
3 .£> >^ 

-3 -2 

vi C 

.= S J 

ex, ^ 2 
x ^ r ^ 



•S S E 

^ — i> 

3 OQ 

1/7 .3 U 



^ • — 

— V) 



-5 3 o 



r3 
c 



C 33 

•5"S 

^ c 

O <= 

J V 

ii 

a. 



23 



"3 
-■3 

CX 

II 

r3 3 



E - 

3 a 

3 — 

« B 

Li • 



C 3 

2 j2 



CL .3 

| 5 

.E "3 



7i 

c 



X 
JJ 

CL 



> -3 
Jj 3 



3 3 C 



n 3 

Si 

"C C >» ^ 

*-* 



o c 

33 O 



?3 
0> 

-3 



o —J 

« s 



T3 y 

(U >■. 
v. " 

^ c 

cl 'H 1 
£ S 

X 

f- 

> 

C X 

v; V. 



^ X 

oo 2 

r3 *•* 

a I 

^ "H 
c so 

C -3 
3 

£ c 
ou x» 

-E §■ 



■wo 
u ?3 

«= 3 5 

^3 

73 — 

'5 15 -2 

a- 1st 

— D- w 
- ^ I 

Ml O 3 

.5 •§ K 

§ ■= 

CL C 
> CL 

o ^ ^ 
u 3 



r3 .3 

^1 



CL C 



0J 

33 



r3 



r3 



C 

S 3 

O 1> 
L> Xj 

? £ 

33 -r 
3 i 

^ c 
o 

K "3 

t C 
«U .— 

i— 

>> c 

g 8 

X) f -J 

^ 'S 



o 

'5 
E 

1 2 
11 



s 3 

X c 

E P 

0 x; 

.g £J 

w < 

E £ 

1 5 

0 c 



- J 

? o 
^ c 

X) — 

3 x; 
3 ° 



c :3 
^ E 



> Cw 



« .3 r 



C3 



C8 



n o 

X 

cl ; 

-3 3 
CL 

15 x> 
c 



c 

T3 '3 



E -E 

X x 

I 8. 



_^ CL I 



^> -b 3 



x 



.2 



■JT X) 

.3 O 
O 

is. .-3 

L3 00 



C 

O 

X 



£ 

C 



2 

CL 



3 « 
SJ 
'J 

v; 
* UJ 
3 5 

^ x o 
clH £ 



to 

CL, 

CO 

X 

-J 
-J 
< 

CO 

a: 



u- 

C -a « 
y u 3 

k- c0 3 

.t= a. r- 



13 3 



u o c 
% ~~ .E 

* s ^ 

"i si 

3 



o 

'VI 



33 

V) 



•ii oo - 
5 5 g 



a ° > 



Cl p 

o ^ J 

!s = °- 

33 u, 

= o J= 

W r 

« x> o 

y P ^ 

H c o 



3 
3" 
"3 
3 



CO 

i 

u 

■o 

c 

^> 

X 

r3 
X 



c 3; 

c 3 

•r. « 



O Q 

< 
or 
u 

E- 



X 

r- x 

**- 3 



^ -3 ^ -3 



3 .10 

3 U 



r -J 



2! 
-o 

a: 



X 
3 

o 



33 



O O 3 

^ Cl a 

« « - 

2 - y e - 



3 u w c r 

o — 
a> 



CO 



•r ^ .2 ^ - 
< 3 *- ?; 3 



„ a. 5 

o « .a % 3 



o 

§ 

.£ 
o 

J 

3 

O 

u 



C3 

E 



c 

o 

3 

CL 



_ P3 
C C 
3 .2 

CL " 



8 * S -a 2 



° -5 ^ 

CJ) -° QL Z * 

O £ .2 "3 

£ -§ § H | 

JH E 7? - 

t» . . *-L 

O si « 



2 3 

w C 

iS '5 
^ S 



^•UeC3 * ^ ^ « o " 
trt v S " 3 <l> U7T-£3< O 

2 «•= w o - ciT^«3;-£ 



33 

y -£ 

3 

o 



^-Il : ll8ll*--8S 

p ■*** 



.2 e c .g S w 8 g: s ^ 5 

5 -S e 1 § < ^ .2 « § - 
o 



c 

3 



C 

t: 

o 

CL 

E 

£ 




O "3 ^ Q *T3 
C J= g 3 



v u « *o ti 3 



- ^ c c - 

«* * -2 2 "o 

o _ xi «2 

5 ^ rJ « - 2 

« w r: « « -E 



o 



|.sl 

c <t» c 



S H 1 C 
c . is a> 



33 ^ 



f 5 £ .3 



. _ 

^ -C T3 3 
<^ ^ ^ X» 



-a 1/3 ~ 

3 § 33 

u ^ fl> 



E 



s3 *- . 

>v X II O Co X 

3Z 3 ~0 ^ kJ -3 

c J3 3 



»n 2 

rd .3 

O Co X 

E ^ 



O o 
. . X Cl 

a a. o 

u 2 r 



3 

w 

2 

CL 

E 



w 

3J 

X 

o 



o g C . h ^ 



o . i- G H 

^ 73 ^ 3 

^ X) »r fli — F 





ui 


o 


E 
o 


00 












> 


»i 








k: 

~i 


CO 




£ 


5t 


i 




> 


and 


o 










a> 


-a 




o 






5c 



^ .5 o 

O O C 

.£ C 5? 



£? 

33 

Uj 
o 

v. 
oc 

T3 
C 

S3 

*c 

X 
3 



.5 .5 



</"> 



a; 



X 

CO 

3 
XJ 
X 



</3 O 

c ° 

=3 > 

u 
3 



(Si 



eg £ 

r 

p 



>> 



C 

o 

3 



3 

X> 



C 

1c sn 



< 

o 



33 • — 
c- O 

3 

C/5 



ca 
< 



W3 

E 
*2 
so 



c 
o 



3 

H-g" 

t? -J 



- ca 
<u 

•C o 
cd c 

C 3 



(0 
& 

cn 
x 



< 

en 



O 
w 

EC 
< 

a 
2 

8 



* * o 

> w M 

H M M 
I M I 

h H 2 
m K > 
MHO 
XKt. 
m a K 
OH 2 
H > > 

af: 

K M M 
0. o, « 
IKN 
0. Ik to 

*•§**« 

f> > 

wax 

Br « W 

(A (4 t 

•irlX 

</> o«i 

> 5 > 

*• S > 
QKK 

> X < 
O tt Js 
a a *1 
* a. a* 
»1 > 

HkK 
>• >* K 

K a ai 

at ec 

> H 
U X K 

el o o 

M Z M 
HMD) 

x » « 

13 W H 



M -X > 

on * 

> * M 

:§5 

OWN 

M H fl 

> ■ SI 
(•KD 
K * rf 
tfftQ 

M « > 
I * U 

i si n 
K m a. 

#« < M 

j< > K< 
a, a. to* 

M H 13 

Hon 

* X H< 
J »4 J* 
>> X< 

I I w 
a >» »J< 

> M J< 

K « •< 
M W M 

WHO 
MOO 
O J > 

* X 3S< 

awn 

K > « 

.1 J X 

<t a«< 
** * *< 
a Z a 
><kk< 

O > H 
«) I* « 
X It 01 
«9 0> H 
K AC >* 
KHI} 




< 

D 
O 
Q 



5 g 

^ 

B 3 S 

ri g o 

w - ci, 

u ! 

d — 

•a ^ . 

O yi 

ts ^ ^ 

C u 

£ v 



0 



« S .32 >> S 

j= % .2 

• Si o. i3 

-c C > 

- >» *-* 

3 o c 

C CO 

= .S oo 

'25 



i) 

ti 



u 

3 w ^ 



2 J .2 

■£ = 3 

b s E 

If! 

E 3 3 
- S | 



CO ^ 

Cl C 
CO =3 



2 = 



o 



S3 

a 

t 

vC 



8.S 2 



c .5 



-'5 & 



T3 
>» CJ 



c 

b oo 
<o — 

?3 ? U 

« 3 ~ 



c 5 *o 



5J — 

'3 y, 

^ 'I " 



0> 



I «= ° 

is e g 



>. D 

° § s 

f3 _ 



X c 



v. 



c o 



5 3 -5 - 



c 

~ — n 

3 S ° 

5 Ji 

V C ^ 



C 3 

o g 

I— 

CJ 

JO >> 

IJ 

7Z 

E ^ 

- 3 

CO . . 



o 



O JO 

o 

CO cj 
c *o. 



I 3 



f o 



c 

o 

> 

o 



e 2 .£ 

•2 >> S 

> ?d CJ 
00 g ^ 



a* -o 

>>! 

CJ «3 



C > 

■E ^ 



i2 

O "3 



x: 



: 3 o 



o 



11 



= E 

.-3 yi 
£ C 



2 8 



2 
a. 



c 
u 

U 

3 w O c 
c 



= 

c 

11 

3-= 

00 J> 
c , 

Si 

Ct» jr. 

-C x: 



4j 
a. 
a. 



1> o 



c ^ c 

— <u 

"3 c .E 

> c a> 

h *-^' 



5 s 



c 2 

3 _ 



?3 



^ -s 

.•"3 



c _ 

efl c _ 
,J H 



u. CJ 

CJ > 

^ - "J 



CJ 

2 "5) 



C r3 

1- «J 

cj J= 



o — 

cj — 
CL u 

I 

P 

_ Vl 

> x: 



C w O 



2 5 

3 > C3 
^ « g 

U 5t)vC 
£. 5 On 



o 

"15 s 



o u <u rr: c 

o 2 w = 
&8E5 rt 

« o cj 

-° tt -c 

3 « t— 

cj U ^3 ' 



J3 



!= ^ 3 - £ 

" y at) 



^5 

"E 

CL 



? £ g 5 « C £ 



Us 

1> >, -3 

W *- n 

§• ■ ° 
8 H g 



< 



CJ ^ 
O 3 

|| 



"II 

2 a E 



c s c ^ £ 

~ S '5 ^ 0 

CL.£- r CQ 

sill 



so 13 



"3 

c 

3 



fO 



C 

o 

Sex: 
C ^! u * Q 

c= ^ » p 



tr. CL 



3> 15 



-8.2 
§1 

11 

T* CZ 

1 I 

Cu qj 

I * 

* F 
c ^ 

I § 

^ OJ 



■a c -13 

*^ a> «-r 



> 

x: 



o 

•n 

CJ 

'5 

CCJ 

Cl 



cl 

•si *n 
x: « 



1 2 

'A - , 

w cj 

- 0 

= o 

- £ 



o 

_ c 
3 CJ 
CL > 



o 



^ 5 ^ ,0 u 



U, ^ - 



3 ^ 



CL 



P > ^ 

>> C CL 

* J C ^ 



.£ x — 0 

^ 1 J 1 1 J 



y. " 3 

? a ; 
> I 'A 



— V o 3 



c o o ^ 



- ^ v: 

g -« e 

SI) u 3 

s |i 

C 3 * 
hi! 



"3 



6 1 "5 ^ £ 
■5 is 8 a 



C 

o 



ll 



o E »- 

k J= ^ 

Cl — jz 

" « * „ s> 

u si 



■3 
C 

O 
u 



■£ = !r E 3 ■= ^ 



C3 3 
4J CJ 



-yi 

t x> 

g 53 cj 
u j= « 

4J " 
^ C ^ 

O ^ J3 

C x: > t 
S? ~ 

T C 0 
^ o a 

C3 > -yj 

P <u x: 

" =£ ™ 

c o "3 

« X. £ 

VI 

CJ 
3 

cr 



13 - i H - C = 2 ^ ^ . ^ vs ^ 



3 ^ y. . 

z 2 V 



^ cl -j 5 15 "*j 



3 



cl w '5 r5 

E ^ J3 ^- y. 

- = " SJ CL 

Z D — D v. 



cl r- 

cj 2 
-e ^ c 

. <r cj 
<f y^ — 

2 Qtf .5 

rV 

CJ C 

o S 5 
^ £ c 
£ aj 1 

c u - 

33 — 



2 r' 

11 



."3 ^ 



c — 

y . w 



H 

o 



X 

< 
X 




g 

< 

o 



- = -s " s = , = 



s 

Q 



IT; 



2 8L 

w 3 



VJ 

C 3 



X 



X) 

E 



ii u 

■5 3 



3 

-a 

CO 
c 

3 

o 

3 = 



li OJ 
X 3 

OJ v: 

p , 
-a 



y u x: 

\= 3 - 

■ — v: 

x vj 

li w 



.2 o 



J£ * £ x 



O 1i 

o x 



_ — ii p a) Q 



- E 



-3 
Xl 



^ X C 



£ 1> 
~ _c 
to - 

c so 

X 3 



li 



x 
j 

x 

2 



V. 

C 



r3 



li 

C 

r3 



.5 ™ 

li 

«— 

v. 

li o 

8 

X c 
to 



li 
x 

t: 

,3 



a. 3 



o < 

> 3 ^ 
*— V} 



2 £ 3 

u c *u 

y 2 w 

° !3 w 

y 5* c 

1 " * 

C li 

•£ "5 H 



It 

ii -3 

o ^ 
-£ x: 

E " 

.2 3 



73 



u3 ^ i 
5^ 



si 

*2 c 
^ c 

a: 



u -1 



a- ^ 

c o 5 

a •- § 
£l § 

c 



-a "C « 

f 0 i 

^ x: 



C 3 • 

° fi 

or C 

X) C ^/J 

£; ~0 l> 

c ^ ^ 

3 V5 

5 ^ 

s 1 - 



x: w 

eI 

u ±: 
15 

si u, 

i> 
1 § 

k> — 

s * 

— x: 
-a — , 

•S I 

1> v. 

ra x: 

- !. ; 

a — .2S 



E ^ 

1 g 

X 

i OJ 

O ° 

C 3 

to *a 



c 
C 

C 



X 

§ f 

1 ^ 

c 



E £ 
i> >* 

t= s. 

3 X 

£ 

8 - 
§1 

^ f 

C £ 

O ^ 

i'i 



§• s 

x — 
— ^ 

C 



c 

o 
c 
o 
o 



r 3 t w ^ 



y — 



a "3 ^ 



2 ? 



^ 5 J. 

2 ' 4 

U .3 

p> > = 



3 < 

x: 



o — 



4> <U 
Oi ° 



c 



c c 



* = 5 



*D ^ 
C X 'j 

X C4 X 



> *-> 

5 .s 

JJ 3 

x: 

o > 

x; v 

x: *n 

< •=: 



3 



"O li 

c — 



C 
3 

E 
c 
5 



li 
O 
C 

o 



-3 

O — > 



= "3 S ? S 



9i - s 



Ci 

I s 



%0 — li — 
C ^ .3 



O X 
u. *-» 
G. — 

J! j= 

X 73 

•5 § 

1 ^ 

u ^ 

II 

M 

1 j 

-j it 

2 i 

3 in 



^ cx 

o x: 
3 o 

. XI 

Q . 

C Q_ 
. X 

li 



fl 



•a I 

0i <L> 



li V 

3 w u 



JC ill. 

; .3 € 4! 



V, 



if. 

1> 



V5 w 
Hi ct) 

x: <u 



E E u «a 

y> > c 

8 S 1 5 



1) 

o 
c 

1> 



ii 



li 3 -C 



O £ 
2 o 



c 

O £ 

o v 
E c 



p g. 
x: 3 

■= a o 

01 o .2 

■£ S S. 

■— c c 

» fl « 

- £ c 

0i 

li ^ 3 

x us 

2 £ j= 



15 c E 
o t - 

v> <l> 

tr. U 
X ~ w 

= 

ea ra 3 

^ c « 

« Q. o 
5 « - 

« = 

X c ^* 
c ^ 

>. -5 

^ ^ V 

o > _o 

= i « 
« x ! 



flj 



w li 

id y 

E B 

vi 2 

ii .2 

,r v: 

^ li 

li ■ 

(A li 

li X 

5.-2 



v: 
C 

o 



3 

E 

^ c 
*ri o 

— c 
^ c 



x c 

c 



=1 ^ 

f S "3 



* J r~ ~ w 

E g o E 

c «— t 



x: 



ii " 



y 3 g E 



$ 2D .E 



c 2 

3 £ 



v: 
li 



O li 

E f 



u -3 i> ii 

.0 C X X 



O to 

°- p § 

< - H 

• ^ 

^ "1 .1 

3 2 p 

C CJ 

x: t-> 

™ - c 

i : » 

v- li 



^ w o 

oi 2 *- 

li C 

> — 1 O 

o w 

Ci 5 -° 

E S 

C i- c 

C X s, 

v. .3 c 

a c 

c cr -s 

73 'J C3 
3^3 



0 S£ 
— o 

li li 

1 * 

w x: 

X 

1- li 
c 



li >> 



v> 

<U vi 

E-S 

3 ^ 



o — 

§ .2 

v: 

X J3 



v) O 



c 

X — 

•o <J 

§ I 
1 8 

*> o 

c . 

« — 
3 X 

it 

3 O 
li V, 

S3 

ii 

«j - 
^ o 

o <= 

So 



if 2i 
•= o 

E 

> -2 

x .3 

to 

-E 

V] 

V3 ^ 

X X" 

"(5 § 
E u 

V) *C 
li 

a c 

X u 

- O0 



li 
> 

CO 



.12 c 



X -"3 



u 
li 



2 E § ^ 



li — 

2 ■§ 

J> So 

li b 

S -£ 

x c 

^ X 

§ o 



li — ' 

x> .S 

E 2 

u o 

E fe. 

li o 

-£ 3 

_ ° 5 

3; -2 E 

s < 

5 z 



v: 
li 
C 
li 

30 ' 



Br «n 

x m 



U li 

^ ^ s 

Is* 0 

-3 C 

11 



1.1 



On 

to 



3 ^ 

jd — 



b 

a. 

U 
O 



a * 

yj 

"~ 
y> - 

c D 
> 

3 > 
-2" O 

jd -p 

■s s 

V) 

73 O 
U >- 

&| 
■3 3 

* JD 

ej 

1 8 

SJ 3 
^ C 

o 

E 1 

C o 

1 S 

53 r- 



JD <U 

U JD 

I « 

C 3 

■ - *a 

y> c 
c: 

O — 

3 * 

•t; j= 

(/J u 

* * 

v) C 

JD ,0 

c c 



6.1 

cd 



J? Hd 

I? 

* : 

« •£ 

3 •£ 

jd w 

.2 © 

4> 



5 



i a ^ 5 ^ e 
c ^ 2 & f. 5 

o « 3 1 >-!•= 

a g e > a c o 
s a 3 c f. * Z 
s - 8 2 S * 3 



1> 

■5 
JD 



CO 

-DJ 



O hi ^ .— 

g JJ § g -a 

jd ao si) c 

u - \t: ^ v 



n> c o 
» o p 

.-3 

o 
c 



s § 

9J) 'J 



4> >U J- 1> 

*□ o> *2 c t« 

^ iS ^ y) ^ 



o 



W ./ 4> 

5 o s .2 ^ 

g s i =§ - 



g 

3 



c 



(3 



0 o 
C u 

o 

1 § 

S =5 



a K w 



a. — 
c 



1 1 = £ s 

- - JD 



E.5 2 



3 

a f 
e: 5 

> 73 

- V) 

s s 

« <u 

U JD 

5,2 



c 

o 

V5 



c: 
o 

o 



o 

y 
u 



8 o- « > ^ 

Cl" C u « 2 5 

3 « .2 « a 3 

" 5 <= £ u 2 

o -3 w tir h — 

c « ZT ^ 

4> 4J U • _ 

•ore £ ^ 

'> iT ^ -2 ^ 2 

« ^ O O > 

o E -2 5- « 

c 5 c u '"* 

. .2 « ^ c 

o 13 ~ jd « .t; 

3" 



— u 

2i o S 
J3 -£ -c 

c O g 

- 'n ^ 

o C 0 

- ^ c 
o 5 .2 
S3 « 

w -S 



.-a 



5 



ii 2 - 

* 2 « c £ 
o j= -o -c n - 



yi ^ TD 



> 



^•5 



'J 
U 
v. 

(X 

< 




S £ 3 ^ 

^3 ~ 3 

^ .E fe. $ 

t> ^ Si 4> 

lZ <u o - c 

r? 2 o o i: 

S ^ " u ^ 



^ _ J5 > 

i a e S I 



4J 



43 » 8 

U o c 

°^ 4j £2 

^ a. 3 

oo >• E 

3 O I 

en 



j= -Si c ^ ^ 

tS <L> -O ^ 

°- J> CO 3 *5 

_ JD tt > 



° 5 



u 



eo ™ h u _ 

« S > =»<-. 

f 1 K f ° 

!3 ^ i 



■ ^ a V> r- 

-c — .ts c .s 

8 .Jill 

2: «n jz a 



c « 

3 O C 

.2" « 

T= W 

3 .2 



1« 



8. 



a 



.s „ -S ^ J' 

^ T3 JD .ti 1> 

w 3 3 ■£ 

S * <u .3" CL 

■/) w C 3 Q 



v Z. o 

2 o 0 ' * 

JD 10 

S> « od 

'•7 jd ?3 
c > 

JSC ' 



3 

« sO 
J= >, — 



a 



^ ^ ^ 

i j— 

73 QQ OX) 

c c — 

§ S « 

■s -e 

«u 3 .s 

■S "g'3 

5 = ■§ 

u SP « 

u O u 

o b c 

E c (fl 



3 < -C 

4> - ^ CC *- 

S ^ - ^ x 

c -S J S .2 

1 ^3 5 « 

JD 3 

y i. C m 



JT 1> 



. 3 £ ^ C 

y> CX) ^ O O 

. £ -3 O ^ ^ 

5 a £ 3 .£ =5 

p £> ~ o ^ g 

b > 3 O 



I— H 

w 
O 

as 

H 
O 



CO 



J, u 

u u 

JD l> 
JD 

2 i 

■O JD 
C ^ 

3 c« 

o o> 

g'l 

3 

cr 



JD u 



1 ° 

a •- 

1 = 

t: o 

*1 

cs o> 
£ H3 

3 

o ^ 



c £ ii 

ca. « w 
""P c 

i & 5 

« v w 

0 i5 jC 

1 e S 1 

E S8 



JD 

^ C 
00 



.£ £ o 



6 J5 



y» V 

8. 2 « 

& a. S 
« 2 « 

■82 i 

5 1 J 



3 2 

JD 



< 

U 
v. 

o 

2 



oc 



3 JD 
3 

= C 

l» o 

2 8 

ti c 

£ v 

JD QJ) 
C 

> I 

Si = 

a I 

JD ~ 

at) 

■ C yj 



ea 3 g 

_ x 
cii- 

&s e 8 

«} O y 
O ° -c 

3 M " 

O CO 0 

a j= u 
E ri ^ 

C yj _ 

JD n 



S jd ^ t3 5 g >^ 



^ i 0 a js c 5 

a. a. g ao o g 

« ^ 3 0 o E ao 

O 3 7T c - - 



5 x y M o 0 c 

jd e 73 j= « 



M 3 E i 
c *>jdp:g«»--£ 

lD0 7iCC a>0. 

EdJS^oSjd.^ 

- 5 11 & .s ! - 

o I y = § £ S E 

£ u « - ^ C « 

o £ K S g 3 g. e 

£ ^ -a d c " 

^3>^?r CJD.E O 

* 3 £ e c c a 
&■£ 4p2&a 

£ « 5 2 . = « 5 : A 



«3c3i,20i)c; 



c -£ v d: « c ^ 
0) -* > o 



.2 .£ 
? « $ 



< £ I K fi .£ g -S 

< 5 o g § 



5 

5 
g 

CO 



W5 <U 

"q. ~ 

.§ : 

£ _ 



o td 



IS! 



■O 041 Jr 

^ .£ 

E 73 o> r- c 

a S£ « at 

c i_ .D <u 

C .= w o 

'S « - o g 

>> U D al 

*5 -e 9 "£ 

6. " 0 — 



C 0) W 
O C 



jH 



jd _. 

JD ^ 

* a 

s >• 
e -° 

s ■§ 

8 .5 

r- 
■3 

•/) 
C 

o 

CJ 



yj 



« 

:I 8 

JD O 

s 3 > 

5 o -£ « 2 

* o c 

C L O 

- -5 -s 0 

CJ X c 



- u d n S u 

° ~ u & D — ^ C 

73 crj 

3 § ? 



.5 - « 3 "3 



aj 

s w « 

1 1 :! « § .£ g e e 

§-2 8-<s af I 

*" *p 1 £ "g .s e § 

c a; < -o ^ H B 

" m ^" y 

S5 g ^ f I 



w c 



"3 

c 



c 

o 



1H 



o 

CJ 
3 
i) 



<U f3 



a. « 

g'l 



J §11 



.11 



^ 3 

8 



U 
- <l> 
vi — 
•yj <u 

H *^ 3 « 10 

= - £ 
£ c P 



O - 



■yj 73 



3 « 



3 0 y C 
V C. ■/) D 



§ .2 g S „ 

o a. cx i> 




5 s 



CO • — 



5 J 



t/5 
□ 

o 

a. 
U 

o 

go 

H 
< 

X 



^ o 
c 



8-3 

2 « 

■a .E 
oo £ 



o 

V> 

vs 

CJ 
(J 
CO 

JJ 

:0 
E 



X> JZ 



« O 

g.S 

e -o 

o - 

C ,C 

x: x 
go £ . 

? a E 



(- "g 1 

CI c S 



-C3 

o 

3 



VJ 

c 

is 

= I 

• — CL, 

g <U 

■5 ? 
a 

oo - T 
n — 

ii 

Q "35 



285 
1 -o " 

.2 £ 
r ° i> 

8 6/3 8 

^ C -2 



5 15 



oo o 
o c 



§"2 
5 c 



n 



3 



jT 

o 
c 

(2 



c 



o 

r> 
i 

u 

c 
w 



* O * 

£ 5 H 

On* ~ »» 

-ii-s 



2 v 

V5 

CL C 
O t 



VS 



C/3 



v O vi 

I 3 « 

S 3 =3 

> o g 



s a 



5 ^ 

^ V) 

<- 4> 

° o 

V3 — 

jo * 



co O o 
Z »- < jo 
u: 2 1 "3 



c ift vj C 



c „ 

4i 1 

o 
c 



O SO 



c 



~. c <U 



^-5 S -s, ^ x 3 > 
« « & b J c . — 

SL v. 2 CJ Q 



vj DO 



c 

> 

00 



2i 



*3 C 00 



« E 
o 
> 

5 o 
^* > 

•o .5 
c 

CO <u 

uj £ ^ 

CT no w 

&c c > 



_ K -3 rt < 

1 3 .5 & « 2 <_ 

-> s -a 8 -s "g § 8 8 



•d § d C 

t 5< « 2 

. 2 - ooiS 

■s2 I 
a 0 g» > 8 

4> « 1,3 ? - 
S £ ? -S ^ 

'§ - £ 1 

"g § § c "G 
•r r c ? E 
a y £ o 

^ 7> CO 3 rj 

" & .s 3 2 
K ^ § 0 & 

« J. 0 a 



o " .E 



* 1 "S ^ 

O w . 

■ — 
O 



Q o 



- 1 w fe S - 

~ C ° o 4> 

-a c ^ to > 

c c x 3 



jc 2 « 



•8 S s o S b ^ 0 « 
S «s -a S i |g a 2 .s I 

X t-j ^ 



ii 5 a 2 .S ^ f5 



-2 '5 * E E g 5 HP 

S a § « 8 3 £ a 



a a 



E -2 ^ 3 § 

C 

o 



5 I § I 

3 a 



3 ™ 

S o 




< 

5 



rt c 2 <^ H 

;r c 3 « 

S 5 -a o » 

*0 -j; ^ c ^ 

^3 O O 

yj <U C ~ £. 

co ,«q n 

„ ^ x> .g a. 

U 50 ^ - ^ 

S. § E -H S 

£ .22 o .9 

CO vi > 

j- ±: ^ cl 

« c 3 



ID • — 



1 2 S 



on 
O 
CO 

> 



W5 

.s « 



o o > 



? aj 
to 

^ a. 

.£ c 
u 

C w 
CL S 

E o 
t x: 

c w 

ro 

O w 



o g 
c 



J- 

if 
o 
Z 

^4 
o 
o 



-a 

s 

c 

X) ^ 
CO \i 

-2 

>1 



at 
c 

£>0 



ON 



O 

E 



^3 
> 



8! 



3 a co 

35 <0 ^ 



CO 

<w .E 



o 

C/J 



o 

(X O r 

u D. ^ 

O <U » =, 

— * X) (rt *- ■-- 
u O ^ 

— u x: — 

c I o •§ J 

.2 x ^ ^ 

3 ^ - « 

£ 2 H 



« c 2 -2 



E 

2 -° 
« o 



c 



a 3 



1 1 

CO 

> CO 



J2 

S3 



00 — 



33 ^ 



a 3 
3 ^ 



t SO 



6 <7 



§ ^ 
.-9 

1 = 
= 1 

2 ^ 

a CO 

c ^ 

^ g 

O O 



0 

</) 

CO flJ 

c x= 

E SP^ 

? E 0 

CO 

« J - 

.s J J 

— >» « 



co 

3 3 
E 

1« 

OO 



CO ^ 

^ E 

.S j= 

to tJ 



8. 



X) 



3 

c 



2 

. *> 
>. y 
— >^ 

^ 9 

w x: 
^ ^ h- - 

o "S £ 



a 2 

C CD 

E S 

<u - 

CO 

co x: 

i »• 

!1 

CO 



c 

o 

Cm 



§"f ft ^ 



3«S 



8 

c 

o 



— : to 
S3 w 

e ^ 

c ^ 

c *— 
^ E 

to Q 

E jy 
x: x: 

•c I 
•El 

Y x: 

? -S 
x: x> 

C 

CO fj 



S3 ^ 

II 

W> 3 



x: 2 a> 

_ c x: 

C (U w 

* § * 

> ° « 

o — 

3 O T3 

2 y « 

<t> = w 

E 2 2 

B 8-i 

0 5 « 

to x: _ 
2 ■= x: 

(3D 

g u .£ 
-C CO 

■s -i 

> <u ii 

W <U 73 

« )5 £ 

EL Si St 
2 2 --5 



^ w c IS ^ 

>, vj « O > < r? 

s 8 » a o 

2 ^ 



o — « yj _ 

CL r- CO 73 -O _ - — 



CO 



S3 



« a 

C« CO 

Sft w £ CJ 

p l. _ x: 

- so X — 



^ ^ t _ 

x: ^ 75 1 .E 

^ « e x: > r - "* « 

c « o g 



2 ' o I ^ ou -d o 

•S I 3 I - £ -o 
«■ ^ v- i CO 

Q x: a -5 

- ^ I! E 

^ « o 



'ZlEg.Sj^o 

cop — •£ "3 w 

C ~ ^ — <1» >S 

oj > 

- o 



3 

— T3 
4> •£ 

=3 v 

2 " 
t5 ^ 
cj ^« 

2^ o 

6 p 

a. <u 
S x- 

ti 

§ a 

_ . a. 

3 

ON VI 

v: 

Oi "O 
-2 «J 

o 

. o 
vi x: 



V) Wm 

CO <U 

CO o 

"S ^ 

a> c 

lo £ 

.5 *> k — 



o ^ 

E •§ 

a> 3 

- £ 

E | 

« E 

^ 0 



50 -£ 



e 

ro 

o 
c 

to 

2 g 

D 

x: « 
C -£ 

.5 

3 .2 



,<U CO 

2 8. 



T3 CO 

4j -a 

CO m 
CD 

> -r^ 



I «1 U T1 

^ « € -2 

5 = 0 u 

« t: CL-2: 

X5 4* £ — 

3i CJ £ (U 

U _ CO f 

3 O X ±S 

"S . W C 

C « C — 

'I E<- 

co vi . m 

x: 5 a> 

SO O v) O 

g « II 

to t u t 



Z E 

3 3 

X) ^3 

« u 

a; x: 

u o 

V) "T3 

E « 



8 



E I 
« -o 

<A C 

3: CO 

cj .2 

CJ 



vj 1^- 

co O 

It: u 

v) ~o 

H c 

CO 

» V3 

U C 

-§ 2 



-a " <u s C 
« = -a « E 2 

CO 2 O 



cr ^ 



5 ^ 



M C 



S 2 -H 



C 

, — = w ^ - b w c 

2 g^x^E^8*5l 



>• S g E 

c ■= -$ ao 

P ^ — -si 

— - c c SJ 

30 - <U U 



'J) V) 

C C 

2 2 

^* «—> 

v> vj 
0 

s o 

u > 

2 -a 

<o a 

" c 

U 1> 

C - 

3 V 

XI 



S S > J3 

5 .5 -8 "5 

S « s 0 

-o 1> CO c 

^ u f .M 

« « H 

> ^ 2 a. 

2 2 u ^ 

c S °. -E 

v> CL in "O 

c a. c c 

S ^ £ JD 

1 j§ s g 

CX 00 00 

S .5 ° = 

-5 u .= 3 

S3 i .2 



few 

vr y 6.3 

<U t3 — 

X) ^ *™ vi 

c: ^ ^ 

.s 

8lgl 

ax « 
s « ^ 

£ £ g 

to Cl 
x« vs 



o. o 

3-5 



* £ 2 



y 

JC 



ca 

3 



♦ C >. "J 

2 n x> 3, 



y 

-3 



y 
x: 



O 
a. 

u 

O 

X — 

1 ! 



ta 
3 
C 

21 



-r y 
x: 



— -r, 
— ' y 



0 

2^5 



3 

yi 

2 

c 



JO 
*3- 

u 
o 



3 
y 
y 

JO 

•S, 
73 



"3 

It 
J* 
y 
O 



y 
H 

3 

yj -j 



D. 

yj 
x: 



y :3 

3 £ 

* > 

2 uT 

O y 

g | 

y S 

-5 o 
. 

'o y 

§ - 

"3 y 

y 
ca 



c _ . 

.£ S c 
^ 2 * 

8 2 £ 

■° a r 

3 £ «. 

< c T? 

^■S & 

- 3 X2 

o *2 

r- .E o 

£ ^ 

y 

■ S v u 
y > 

5 £ .s 

o ^ ^ 

y i£ 
-3*3 
— o 
O « p 
*-* O 3 

O y — 

c >, y 
S c S. 

Q S£ ^ 

•§ 'g £ 

•>! XT ^ 

— c ~ 
>> >s 'E 
u -./> - 



3 -S ^ 
5 ^3 O 

Cl. .3 3 



r3 O 

y 
■a 



u c S" 

"2 y a 

> « >, 

a. « c 

rz ~ 

3 2 

£ ^ * 

s l y 

2e a 

* -= C 

fi H « 

3 S 

o..E ™ 

« 3 

5 ° 
1 K 

ts ^ ™ 

53 > c 

C w p 

S SS g 

S 3 E 

« '2 S 



. 'J OJ 

1 1 i 

3 c •+ 



^ f ^ 

> SI 3 
C 3 4 



^ >■ O 'JZ 
b > =$ - 



3 



>1 



CO 

f 



'5 I 

i ie - 



5 



K 3 

3 I 

-y. ,— ' 

v. £ 

£ c 



x: 



j« ^ 



' J ' J P 
x: . ^ i> 



C 



> 



c 

3 <U 

'I 2 



3 
3" 



3 ^ 

— _3 



O 



5 

5 



c c 

.2 5S 

2 c 1 

c 5 x 
> .2 ^ 

€ y 

op 
f— i— *— 
— on a. 



v. 
c 



r5 
r. 
3 

'r5 



k e " 

3 S « 

£ 3 * 

aj 3 'rr 

CL U C 

3 a * 

.2 j= a 

b 20 O 

-tJ • — c 

> -C c 



r> 3 

■i § 

c 

c r u 

3 

E c 

c c 

J o 

2 2 

o _ 

O "3 

C 1» 

w- O 

a a. 

J <L> 



01) 

u 



■3 . 

2 — o 

JZ' 3 

a s 



-3 C 

*j u x: 

5 "3 - 

r3 V ,yi 

DO 3 'J 

I 'T ^ 

n SI n 

- 1 

3 O 

d u 

0- £ * 

1- '> 
O a> a 



« > 



a. <u 

2 ^ 



3 

O 
■J 



53 o 
o 



=s S 

- 2 

< 

Si — 

U — 

3 -3 

x: — 

so :3 

'-3 31 

O 5 



« £ 

x: «- »- 



^ 8 

c 0 

3 i« 

•/I ^ 

c x: 

5 ^ 

b c 

Si a 

x: c 
3 



c 

3 



c £ 

c c 

w ' — 

■a * S 

« 3 £ 

c -5 o 



x ^ E x: y S 



3 'J 



<Si 

d 3 



^ 1 

-3 u 

3 

£ "3 

C 

y — 

o a 
3 ^ 

'J C 

< ■= 
. -y 

^ u. 

3 H 

_E o 

a. ^ 

S « 

x: u 
■*_> «- 



c x: v x: = 



4> VS 

x: 



3 cl 



.2 '-3 
3-3 

5 S 0 

^ ^ 

2 ^ 

— « L- = 

« « 2-5 

w y ^ ^ 

H 3 c H 
C 



c- -3 
3 a> 

•ys s, 

■Si 

O 3 

.2 ^ 

3 < 

3 

3 V 
— 

^ 3 

y y 



S .9- § 



3 a> 



y 



V3 w 



flj a* 
x: V 



. y 

O £ 

^ -S 
a. .5 

D "3 

x: c 

w 3 

c .0 



5 x> 

* a 

xi y 

-° 

^ x: 
xl 

S3 



o b 



2 3< 



y y 
x: 

y it: 

y y 

= > 
y 



-1 

~* y 
y 

> 3 

^ — 

* -3 

C y 

X > 
. O 

73 ^ 
(U c 

u — 

2 M 

O. yi 
B & 

y x: 
y 

-° 3 

1 5 

C 3 

x: ca 



x: = 

B -S 

y 

-5 3 

3 y 

y x: 

v" yi 

s. 

•s. 

✓2 O 



yi s. 
« 3 

sfi 

o 



« 3 
■£ y 

3 

>» y 



y 
x: 



y 
o 
c 

2 

o 
o 



~o 
y 

e 



3 

o 

DO 



3 

y 
3 



?3 

y 

y x: 
s y K 



E 5 

If 

"3 w 

y O 
o 3 

-3 ~ 

XI 



y 

.3 y 
*" > 

3 



>► Cl 
y 

x: s/j 
c 

yT "c 

H 2 

3 1 



3 

y 



O 

JC 

•Si 

8 

73 
C 



■6 2 

•S w 

-J > 

.e a 

1 S. 

js £ 

.E ^ 

. c 

11 

.2 u: :s 

<— • — 

t-. 

*cu 
•yj 
y 



3 
a* 



x: _ 
> ^ 



- 2 - 



c ■£ 

•S § 
« 1 

3 ^2 

fc c 

?3 y 

y Mi 

v: p 

1 ^ 

2 



x: y 

x- ^ 
2 

5 8. 



3 

O 



y -a 
y y 

^ -5 



si 

o 

w y 

iS 

00 ■- 

.E c 

^ 2c 
n o 

y Wj 



OS 

Dm 

a. 



2 c 
c — 
y w 
E .2- 

a g 

Cu 3 

3 ^ 

« -3 



< 
u 

H 
00 



s 



r>4 



y 
x; 



"5 8 

y 3 

3. ^ 

3 c 

2 Z 

E * 

y ~ 3: 



u. x: 
y * 



Si 

^ 3 
2 



a 
_y 

-2 
yj 



8.| 

2 j> 



3 

w 

y 

3 

3 
w 

2 

E 
y 

y 
x: 



y v» (/) * 1 1 

-2 1! e £ " S 

h y E -3> _r y 

c £ 3 E S a 

g qj uu y 3 

« *^ 22 ^3 "o ^ 

c 1 & 53 t y 

- x: ^ o O 

g s r Q ^ 

m zz y «j a> 

y « 3 o ~ 

- " _ 

u! y 



3< 
3 



go 



y 
x: 



— c 



y c 



.3 rr .3 »- 



y 
x: 



E o*. § ^ IS a? 

8 E & y fcl y " 

2 £ 2 3 f 

3 a •£ s 



yj 
ca 

■a 
y 
y 

fl 
*.§ 

y 'C 
y 

(A 

a. 

■£ 

I 

2 § 

3 O 

y w 



y „ 

V; !J S > 

5 y ^ 

■3. o X2 

— . w C 3Z 

w 5 2 ~ y 
•a 
3 
ca 



x: 

y 

JD 

3 
00 



y 



si y x: 
y co 
x: 



> id «— <u -— _c 

** JO X y O 32 3= 

3 y c .2 y 

' C > \ ^ »-» ~ 



y 



SO 



> = £ _ 
x: 



E j= 



o 

E-5 



y 



'Si 

S3 U ' - 
3=>^^ 



y> 
3 

O 

> 



Si 

3 

'y 

2 



cL § E 2 

a- ao - .22 
3*2' 



y 
^- 

o 



y « 

Ii 

y 

C ^ 

y y 
> 

y 

00 x: 
c ~ 

S ^ 
3 « 

y -E 

.2 E 

yi "y 

1 o 

1 § 

o y 

>> y> 
3 *S 

C 3 



3 y 



y 



J8 



3 .= S 



trt ^ -t 

U - ^ >. 



- T3 0 



y 



c 

ca 



x 2 X3 ys — " 
xlvj/yyywjw^c^ 



y c 
y -* 

Si 

y 
y 



y 



y 

3 O 5 y . 

c - 3 "a w 

— -t « 



c ^ -* 
P = o 



ca 3 
Cl 

a ts 

y 

Si 



> 2 cu.E 



y Lt 



03 



O 

c 

C 

y 
E 



3 S3 

a; 

£ M 
o y 

§ s. 

— -a 

i3 c 
c 

1 1 

ti 

> -a 
y c 



t: 
o 
cu 
a, 

ca 5 3 

<s> 

o E 
eo^ 0 

'3 ^ 

E ^- jss 

ca 3 

>> .y ^ 

0 c 
o ^ xi 

x: S3 (O 

°- S-'g 
.£ •= 5 

go g. 

n x; 
o y w 

S J! I 



y 



✓\ . ^ 

S c 2 

c « c 

§ 3 

C ^ y c 

3 aj CL 

o c x a 

y C y X3 



>. y 

11 

y 

.3 2 
o 



«L o x: >, 

« *"* 2 52 
c y y 3 -£ 

l.f hi 

2 C X >> > 

to o cu O w 
*> S . "5. J 

3 Cu c 




5; a -S 



1^ 



s 

UJ 
E— 
O 

a. 

O 
O 
X 

H 
< 

X 



" I 

JC VI 

~ £ 

2 u 

jC <u 

— (/) 

Jc 

2. P 

-C O 

^ E 

-C 



3 gJB g -5-S. 

U- -rt 



2 i;i 



cl -.— 

3 © 

2 § 

c -a 

It L> 

J ■§ 

51 

>» c 
c 

1 - 

c c 

2 2. 

SO ^* 

c 

« C 

O - 

= * s 



§■ i. - -§ 2 5 

f 1° B.^* 

O 2 > £ u c= 

ui = - 3 11 

S - i * '§--3 

f 8 5 - || 

c "3 _ 

" c E 53 ■£ 

1> * ,3. a> c 

•3 "2 >. Q. 3 



2 C 73 
2 £ e 

r» ° 

£ S. * 

*£ °* on 

2 j - ^ 



-y. 
c 
o 



. a c 

y. O « 

CX jC > 

y; it 

"= c O 

*5 .2 t 

.£ c « 

yi l> .C 

W > w 

S £ *> 



o ^ o 

-A ^ 

u 5 w» « 

2 x i; w 

55 u 3 



5 > 3 



£ 3 S. 

- c =5 

p a> JZ 

§ £ 

« x 

a, u -c 
a 

X) 

c 

M C £ 



ii § 2 S ^ 

£ j c 4c § ^ 

c c S ^ I 



u. CO 

6 & 

E 



**■ yi Q C 

S § s £ g-g 

§ g § - * g 

o w o § ^ 

rt '> u E if .H 

-c cl -c t: o 

- £ H S E rt 

5 S g e 5 

V ?s o c 

C yj C C 



? E - 

— *£ ^ c 

- -g JC & 

Si * 

* S a F 

_ — O yi 

C ^ r- — 

* u ° 



3 



4> 



., 1> u 

.a --s -i 2 

„ y. -i- ^ 



o 5 



-5 s 

C — 

t: 

u ys 



8 § g 

Sis 

^ I "5 
§- E 5? 



~ fi " 31 

g 1 2 s 

y: ^ 
)- C 

™ »l O 

^ c J= 
U y) „ 
>. ^ 4> 7- 

^5 § § 

"8 ^ 2 £ 

u E 

K ° B ™ 
jd p -» -a 

, 5 o 

5 £ * 

4> w C 

£ 2 o 



T3 
4> 
C 

-a 
c 

> 
S3 



^* 

O 

yj 
o 

O 



0 -3 

IS e> 

i- s s 
Is Jg 

1 -2 a 
t g_ c 

S ^ 
.5 • * 

Is 1 
< e = 

53 JB 



.-3 o 5 

« e ? 

w w m 

y* C r* 

" C - 



^ « o 
^ £• I 

« 3 ^ 

D *- i> 
DO O 



«4 

E 5 

13 



c 

E 

xz 
to 

C 



ceo 

a. fc j 

u — . s 

yi J= 
c f> ~ 

« «> S 

S «> Sv 

2 

cfl U O 
(U JC 

|2 c 

« ii c 

S o a. 

§ ^ S3 

CX O it. 



5 -° .2 
— u 

E s 

Hi 

P a. o 

H E 
K w 

yi ^ 
O >> 3 

*S -° -5 

yi 

■B % -| 



c i> 

.2 •£ 

i» 

= Ml 

2 .s 

3 » 

It 

-C c 

t- - 

■ y: 



y> 
0 

<u 

r* 

- QJ 

O JC 

JC w 

yj u« 

— o 



2 15 

S £ 
a. w 



/; y? 

I I 

DO 
yj 

at -a 



yj 

O 



to 



o 

H 

< 
-J 

a 



•£ ^ -3 v v 4, ■= ^ ^ J o c 

S 1 • ^ « * S So -S '-6 » 2 

c s ? ^ y h « *3 c 5 C 

- * I .2 8 2 * £ & -E « .r-S 



■« 1 a S ^ s~ 



- f- a "2 .« s .a 



« -S CO 4 £ 

8^ a: g| « S 83 




,J ■- » « Q &i r "l yi VI ^ u c E 
— — c 5 - ^ kJ Q. S3 ^ o 



£: ^ ^ « « 
_ : ~ H 



111 111 a i 1 ! Ill* g 



OS 
V5 



jC 

.2 S 5 3 

U - O w = B = 

- — ' 4J (— fcj 



.2 c 



y) 
3 



ca 



c 

CO 



S3 



1 E i >*g. 

^ CL . S3 

«5 v» *rr W 

£ S3 x: o 



o 
c 

c 
o 

=0 



y» 

c 

o 



-C 



4> 

'E 

yj 



52 r= >> ^ 



c 
o 

«— » 

C3 
w 

3 

6 



5 ^ 

- ? s 



i 

c 
o 



L. > t O 

_c 



« § J y^ g e o 

'y^^tS C g 5 s-^ 
-c ^ ^ u . .<« 3 o- P 



c o « *ta 
O T3 :g O 



*^ E 



C 1> 



2 v> t> 2 



s-'Sliifflg-ale 



3 o 



S3 SJ 

s-s 

yj wj 



.2 



2 g 



?T* O S3 



° ^ c " ■ K 2 g 8 

0 E cko E -~ ^ ^ u 



lis 

u a. » 
* .2 




Iff J l{Jt*si 



" 2 



o w o 



S O O g oo S"u. 
<= >. o ° 
p ° S 8 



5 o 



O yi 

- 2 « ^ 
2 *- 



P> 

^ 3 C o 

o- E > 

0^3 

w vi zi 



> <o v> oo 
- is c <o 



- * -s *: w- s § ■§ « <§ -S £ s 
«g««ggS-agSol».:ls 



CO 

r- 
O 

a, 

U 
O 
X 
to 

< 

UJ 

X 



c 

J8 



ti 
C 

ca 
o o 

II 

■5 -2 
£ * 

O JL> 

'S 2 
I- 

Si. = 

S ^ 

s o 

D > 
5 3 



O 7) 

> c 

o o 

~ c 

a * 

(ft C 3 



t> x £ 

£-£ 

2* « -° 

C O rtl 

2-2 



u « ° 

a = .a 

§ ° * 

c 

.5 u 
v. *-< 

Z p ^ 
~ ~ 2 



Z 



? w w 

.lis jj 



o 
c 

so c $2 

35 flj — 

§ 2 £ 

£ - © 

2 3 * 

- J: 

^ CO 



2 c 

x £ 
JC W) 

* .c 

■a S 
S- 8 



V] 

cr 



P o 
i M 
> <u 

.s-S 

« 

5 2 

O a n> 

$ It 



3 



S ^ 2 
> H -a 
.5 ^ -o 



y» 

■8-81 



§1 

o -c: 



p 

LU 



0 

z 
u 

< 



I 6 a: x 
o 



73 C 

if 

3 -C 
CU<J 
C 

% c 
oo 2 

-C 

« u! 
^ c 

s » 

o u 

o « 

si 
I™ 

c 

.3 P 



x 6 

•c 

o| 

O C 

a j 



o tS 

- 3 
O • 

. -C 
CO . 

- g 

- > 

£X 
U 
00 



5 ~ - 3 



c 

3 

o 



Si 



S3 §L 



1 o 

S 2 

en 00 

■2 ir 

3 



3 

00 



o -> 

^- DC 

O U 

U X 



5 ^ 

S > 

fid £ 

. -c 

^ "2 

E u u 

£ £ 




i <ll:d 

a. 



3iTi 3li'J._ <3 

c r - -c p 
-5 2 U 3 5. ^ 



6: *j ?s 3 Tr — . 
ri 



?! 

< & 



-S3 

= f £ 

v = t 



CO 



* a 



o 
c 



0Q 



c! o 7 rr • u 

.5 a w ^» - a. E L 

- 5 ^» Q 4» 5.™ 

c ^ ' C C ^ — 

- * « £f°^p 
« 5 §■ g-o £ - 0(5 



24 * -n J d 



u 



3 



-a 
< 



I' 

= 1 

— 

c 

<£«: 



eo to 
id 

U </) 

— o 

c 

•a i> 

C 1 
o .2 r!» 
•3 — c*i 

o 5 mi 

u w ri 



CO 



ex 



^3 JIT 



■ o 

C ■ 
<> 



3 ^_ 

c 



a 

^ ■ 



x n i! 
J= 

■ c 2 



M - 3 . 

v 21 



E £ 

^3 



51 ig 

= e 5 ^ J. 3 -v 



^5.2 = c 

> f r « — 

^ g — 



ui < 

I- 



^03 

3 olQ i ■ 



-2 o .-5 

« Q. E 

tr _ o ^ • 



o 
< 

u 

to 

O 
Q 
2 



sO 



.2 ^ 



^ " 21 - 2 s a 

CO ■ ^ « r a U O w 

3 D ,C CJ>C ^ u ^ i 

exj x ^ ^ x 3 

^ .2 -° .E o ^ o r>i 

^ c y o - w 

^ u. f= 



■S » 3= 1 2*5 



" g C (J - 

^ -S «> E - S 



S > 
- X c - 



w o k e u- .2 2 r4 



5 § 



s ^ - -S 

3 

JO 



c 
o 



a 



c o - 3 

■ c « 5 



c § -§ E g o 



2- "S ^ o .2 w 

TO M 



*- Mi *- _ 



5 o 



o S 



C 

2i - ^ 

^ 3 « ^ 

« S> £ w 



•g -s 



- X Z2 < U 
T3 > 0/ 2: -C 

^ S cx g- X) 

«3 4> <3 fj — V) Jo 

|3SS ggl 



"O 



g "5 -*= 3 o 



b c 



g * 

o Si 



c 



jo 
3 



w u " (J 

C C 3 C 

<y — -o — ■ 
« 5 Si 

i c 



4J 



.2 X 



u .2 
* 3 85 



QJ 



c ^ c ^ i> <l» a 

« 5 a 4 3 6 y 

^ O 5 £v C 

? c = -2 i> <u h 

!U 5 « " ci g 3 



c ^1 xi 



CO 



c 

?3 



. * (t> cfl 

£ - *3 

22 w 35 

'£ 3 2 

03 -a -2 

o ,5 c 
o — 

E 2 g 

-a « 

2 c^-2 

- a s 

3 p O 

cr ^ ^ 
cJ n 

£ =: -2 

« c P 
£ o 3 

5^2 



c «» a. « 
g =5 £ " '3 5 g * 

■ji Cl v C o 



C « u 

c 



3S g 

-I § -a s 2^ 



X) 



53 ^- c c -' 



o u. -i? ja 5 



n a 5 

*" w C 



01 S 

VI Ci p 

P S -c 

1— RJ 

o = 2 
ci- c d> 
x: ■§ c 3 

x -c: .b o 

' — ™ w vj 

£ - * 
= .2 
c 3 

(yOiJvwwCxo o £ 2- 
•5 w c ar mj'^ o ri ^5.2 



-a 



« o 5 i; ri s 

6-3 | p o ~ 

. 51)2 C - r J C 

•r- P ^ ^ =3 



2 K " -2 -6 $ * >. 

£Eao2ai_ci:r- 



< 
O 

z 

Q 

-J 

U 

2; 

o 
u 



o 1^ <u en c .5 « 
£ c ^2 cl t3 c S l. 

■ *" *o jk 



o S o O ^ o 

C « C c fj _c 

S x: .g> C ^ -g 

C *= M - O C CO 

> M Si - 



.2 <u 



x: X) 



■a fe -g 3 R -s g J 



■ii t! e «i 



15- 



3 E 

o 00 

3 C T3 tfl 3 c 

P o 2 £ =: - 



5.-2 



U w i-< rr 

J3 « O £ « 

* M 5 1 s i 

f r; " «> ^ z -g ^ 

S u p . 2 c U 



JO 



v_ C "3 .— c 

I 9- £ c « - - 



5 = 



« k a "2 u *o 

i 5 I .» i 2 a 



C— w w 
~ c x: 

g * 



■JS .0 



^3 

c 

O « 

k *> — 



"53 

« 0 E 

— <U 
3,-2-2 

O u u 

3 



« .0 



p 



o ^ S3 

ECU o 
CL 

O <0 "O 
^ 00 o C 

£ = u rt 
g E -2 3 

0 ° -g 



b .2 K 2 

u « c w u w 5 

— . — t, o ^ 2 ^ « c 

Pva. <u ^ _ x y 



a. 



-j t, — 



i_Ow a> ^ x ^ ^ c ^ 

p s Sggt 



— c 
c >» •- 

— w c H Z 4> ■« 




C 

C 

- : ^: c g £ S .2 a E 

f E 0 2^ / = y 
x:>S?--2 c 'o5v 



ON 



2 
UJ 

b 

a: 

8 

X 

CO 

H 

< 

X 




a £ x, — 

■a « c ^ — 
.= j: wo* 

> y Si i 

— 1^ 

— : C — 



to 




■ B 2" 



-a 

9 

3 
e 

u 
o 



00 



u 



Si -3 

7T ft g 



c 
> 

111 



S 



CM 



*2 

s0 



111 I 



E 

JC 



U 

c 

U 

r- 
m 



JS1 

*'o^ 

3 J3 

5 2 ^ 
5» Ho 

-£ ^ i . 

/ !r.» 

2 .5 -o . 
c w c 

E e oc 



■3.1 



'.si 

s « a 

5 a> 3 

-; ^ u 



56 .•as': 



>. c 

[*"» 

"■.3 

Ui 

.C - 

* c 

^ x 



8 

jc 
O 

00 



0 2 



E (J V5 .ii X 



3v 



d 



y. £ « ^ 

o .E c ^ 
2 ^5 SCO 



30 - 



; g = - 

— o \j i: e » 



• » ^ » 

; 2 « 2 

> £2 *z: 

^ 00 ? I 

■s 

z »|-oa 



Z a w ri 

■ 3 f 



3 u 3 

-£ 
ca 5 



c .ts - — 



SI? . 



2 a 
c G 

i5| 

o E 



< y 



s a 

tr ^ 

<J: »*». -G 
e o 

o 



? "3 < 
?• \> o 

" as 



I? 



« ■ • 

' 5 * 



, , , -U J3 3» >. O 



o 3 E 
c 

Si H . 

°. ** 0 "a; 

c .c qq 
£ ^ 



v > o c e > 



S fc a a; 2 

5^ iS \= 2 < 

. u p - s: 

■ C C «i 3 

w jj ^ 

<2 Si S,? 

r- 



i5 J< ooci- §• 
U3 



Ooo So 

III' .a* 

* 5 ts x .2 *^ 5 



UJ 



UXo &.£ ado: <n 



30 



o 



c 

'S 



I c c S 

- 2*2^ 



. c g fJ 

5 t> ~ o 
-J Sir « s 

flu * • — « *C 
j E oos 

-J! e . 8.5-c 

Six co j k »>o 

so' 



S c o 

v c» sr -5 c v» 

§ e S 

= s « ^ 




-J O -~ 00 . 

^oc 5 c c ^ 



o £ jB 



? « I 5 
w 2 | a d k 



2 4 2 T3 i« O 

r-' 



; - .■a </> >h u M 

• - £ v - 

■a « u 2 0 .1 .O 

.2. sd c« — x: * iw 



oo 

<M 




o 
< 

U 
«^ 
H 

3 

z: 
Z3 



00 



| a 3 8 

5 © -s "e" 

3 §^ 

3 59 - 

« — 12 V 



C =3 

— c 

2^ 
a. ^ 

sit 



it* 

ca coo 5 ^ 



> £< B"i5 12 

- * v • ..5 2 = c 

.2 49 $ ~ ^ ^ .S 
at- S E 2 E^cc 



.c o o § 

■ i5 8.rS' 2 

_J C; « C ~ 



: « « c s c 
> c > SJ - 



c « c — 
o v 



— *wf 

E « ^ 
V3 Eoc 





» . it- O • 

2 * I ! s 



d ^ 0 



<-J o v> ^ . a- r 

■ ■ Slv^ 
^ co.o ^ - 



c 5. 



JC 'Jl 4) I] 36 S— fl m Q 



3> - 

2JC 

ca j/) 



1^5 — n Pn»' 



^ 5 DC 0> 



vO 



on 
Z 

13 

s 

a! 
a. 

o 
I 

</l 

H 
< 

X 



: i 
£,-<j 



c 



c - 



3 ^ 



.E > ^ i sc 
U- £ 3 e A 
^ l: ■= 

.S--5S3 



^ ■£ 

> * 



3! 

7 li 

> r 

Z yi 

o* 



i 3 J § 

■£ ri ^ -s 



c 



£ — o 

<ri .- r- 

-<•£ 



x: u 

•r E 4 < 



.1* 



2 2- * w -g * 



£ n - i- 
; a.— * flu 

o 



2i 5 

>-» >, 
E S | 



ill 

£ 2f> = 

5T C !3 



• -C > ) 

x .2 J N 



. ^3 V. 



-TOO 
u - 



: & 
t: 



73 



2 T ^ w 



*8"S- - 



^3 



c C to 

Ms 

^3 



: 2 S : . 
r: X ^ c s 



•5^ 



Tax 



-4 



.5 j^i! 
: o * 

* 5 > < 



s < --*■ 

5 I* 

11 • 

* £ 5 
c o £ 

*J u 

111 

o *- 

a i> 3 »r. ^ 
0"T) c r» j: 



11 

C 

Si Jf 



Tea** 
- ^ .E -o 



E -£ ^ 

< S^: 
ac -£= -i 



V S U i£ 



a: >^ 

.5 =3 3 



■141.ll 



o*. " 

: — . • jo t 
• ^ ■ £ ? ;£ 
, on 2 S ^ 

n* v Q.— 
n >i 3 



5-2 0 
* 2 i 



< « o £ 
£ £ - E 



O 



rl 



' - s*r> 

-' J E S C r*- : 

la W q . 

- ~ = ra , 

S ^ r z 

c . -y< *s -~n 

ai - - e 
(— — 

.= v *» « 

p> « O u 

-<-[--''— « n " ^ r 



c y — 
= 

c-* 'O 

a s? - w 



.2 ii -o 

» £ 5 

- - J3 
*- ^ « 



-I? 

0 ^r> 



5 irt ^ 



t - c ( 



^ : £?3 



^ ^ ^ ■£ ^ 

rl =o * c.U 



— ,t; ^ 



5C 



. < I c - 

^- 1,3 2 * — 

• 3] 5 'J 

-s 

a.2 CC w « 2 ^ 



■5 



^ ^ - 

3 S C 



>J p— ~ 

3 a e f 

W =-3 a.V 



X -5 1 -S 



41 



3 ' -^J " O 

^ ^ g-^i ; 
x — - w c: c ri . 



c: s c -° to 

" ■ . s «, ■ 
g o 3 

! Q u w 2 

tff *J * 

-[_■ 5 3 « ^ O* 

' . 00 c E o 7 

; — — 

: z& a. o -q a . 

! yi i« t x; t-* 



U C rr 

c E X V ^ 




ON 



3S 



s 



c 

eo J u 



5' 



o 



o 

c 

3 



> ^ -2 
> « eti 

u; ^ « c 



< 
z 



CO 

Q 



■ * ^ s 
8 ila 

a --9 T! 



- p-^^O o * g 



. £ o ° 

^ UJ 3 - C 



1|S 

O C a 



-'Sill 
5 e £-580 g.c.sC; 



- s a. o ' a 5 
SgoS^I g'g 

0O ON 



^ 5 



Vj 

1 eS S.£^ 

< a O. r>» 

£f US I 04 



■ssji -sag 



.OC**oo o ' v 



A.2 



< U 3 JO -2 

6.E 



£ = 9S§;s 



2 , 



E 2 
w £ E 

*iE 



a. 

is-* 



ex.. 



« w V 

I go 

o E . 
go G e 

x) v: 5: 



M ft. 



H 



««- E -s « p. a 

« £ 12 w -ii 



o 
00 



00 



00 




"** N J»i .5 On .00 
- 1 u ^- w r>i rj 

5-gjM^S-S 



S 00 



ac 5 




CO ' 



Si 



90 



00 



< 
u 

ZD 

a 

Q 

Z. 



o 

v£3 



8. * 
3 

« u 

I 2 

If ^ 

=f 

-2 C c 

0 c « 
*- j£ 

C « 
■£ u. 



• £ 2 

, • yt 3 

9 5 £ a 

• E 2 



CO 



a 0 5*3 



Jo "3-^ i 

< u — 

•£ - * 



r o 



■^5 



£ 3 5- 
= 7 k-o 



a. - x 2 £ 



sill* 

U- - ON 



• 3 <. ^ ^ 



fl Z's Si 

S«3 « £•= 



X i> 



£^ J 

i> >. ^ — ; jt 



if 

S 0 



O r— 



c « £ 



"O 

p 30 



o c j= 

£■£*:£ S 
c SC > 

58 c U ■ 



e - 



i 



• - r3 = >• 



— 3 O li. 



u 5 1 
£ in r-l 

lli 

y 3 5 
e -o 5 

y w c 



SO °" °- <r — 



Snug |£| 
o 



^1 

02 



• x £ -5 



3 

2 £ 

c — ^ 

• - « v~ t 

•= e: ( 

3 = 
o-E-t 

In 3 C ^ 



m° 

r Z'5 u 

y. C „ vi 

■ — V) 

« - - J= u 

> 3 w>5 

lli 3 O U 



u u S 



DC 



{j ^5 g*ON 



l 



* SO 



3 C 



^ »7 ... 

8-* «" 



6 

CO ^ 2 

to V c 
_ 2 jw 

c 0 fi 

i <= 3 

£ -I c 

I 
E 



NO 



5 

O 

q: 

cu 



8 

I 

H 



<5 



If 



•5 =: — -6 .2 



<5 
Vn 



r* « *2 ... • O 



S 3 ? 



<= \* u 



ego. 



^ -y — 



! 3 



e - « « « £ 

.2 w >% ^ 
'S ^ « 0 



,2 o 



Ego. Z- £ 




5 g a -<"i_ 

"3 o / ■ . . 0 c 



V) 

C 

NO = 

— O 

■[ > 

ri Z 



'E'1 J! < 



(/J 



S oo<2 
j= c . 

^ tj .s S 



c £ 



o - p 



P — 



C Cl. 



E 

IP 00 



3 

^* x; , . 

t19 .3 O 
V 30 «2 3 S 



. Si D0 o 

> 2 .s J 

? 5. 1 A 

c ig -2 .2 

J W *! * 

|S*a 

E ■ 2 2 



'£ $ Ui ^ -2 

(3 




go 



'as 

e — 



tu ? goo 

2 S.S - 
J2 . S-.g 

OS 3 3 



a. 



•Siij § - 

.0 8 w « 

§0 



2i S^i 



I ■ S § 

.li s S* 



0<2 



■8 



— -00 ? si o a s 



OO 



S 



2( 
c 

12 



■ 0 » a 

O ^ Cu 

■ c Z 5 2 

a o ^.yT 



OS wn 



g 2v0 
E « — 



5: u aori 



Q|5.E 
u c 



-■■1 .a 2 



^ a. 

3C-= {> 

Coy' 



Ills 

•a S 
3 c s: cug 

3 4» < 



• ■ i> a> v 
-2? ^ . v 



y JC c 



on 



* = T 3 
■ V V-O T 

U ca. v « 3 
J < ."2 o 

<n-g S ^ So 



8 



•'MS 

Nli- M 

c 00 

* B o ft™ 
« SiU 

- tl <<. 

SO C CS 

OO u et'l 

^ 3 O V- 



00 



rr 



c 

£ J 

r 00 

jet: 



«S2c 
. . -a -c 

e d 3 5 r 

- c o ti 

§«2gc 




? 3 « s 



8* J-|».25 

L: 8 SJa«. 



Iff- 



1- 



3 §^ < 



■5 u 

On' 



C"^ «l 
O ^ ig 

•§"3>§ 
-» .S , ^ 

> S s o 



o 




a = Si a B o 
3 -5- «r= 3 . 

S2 t2£ 



fi 




O 

< 
as 
U 

«^ 

H 

00 

D 

s 



r- 




» • = 
~ .0 

c -J r 

= Si 
? = * ^ 



2° 

a. 2 j 



" < t is 

-**—-* • 
M JC .C >C fO 

- ^ r>* .*£ 
o 5 E o 

2Q u ^ ^ 3Q 

-If- CAJ-J 
X! 



o « J£ .S ^ 
"a. « 

-3*ft - 0 

. — o 3 ; 

li O »C» 
■ 3 C e ^ 




vO 



u3 

s 

a* 



X 

so 

< 
X 




a: © M"3 

E - 

ins 



u 



His s 

S ^ J 



si 



o 4. 
"3 , 



CO Z 1 ( 

Op i- u m 



y> — -5 o — 



< 

Q 56 C ■ ■= 

* ; s = ^ - 

2 S g 3>S 
a, i r tj 



B 

n 



v ^ -J 

J >>> C/] ^ 



£.2 

2 is 

^J5 



: C<ri 



so c 

' j O O 3 D 



lis* 
lis 

■S 

= •5°- 

u .1 — ; 
v n $ 



: E = 

111 

3 £ £ _ 



■ r- « . 
= 3* 



IK 



as 



H| is 

C U _ ^ 

" C £- ■ 

2 1 II I 

r -e "> 

OO. c JO o 
•C "£ c 

z: LS^-S 

i 

H — j= o-S 



1 




o 



si HI" 



ii 



a. 



« - J ^<-' E o 



c p *» 2 e 



4i « - 

O s to 

- Hj ^ 5 




C f^i 

a* 

u 

O . 
< . 



CP'S i'?PU 



■■i « o . . 



o 



O 



O 



8 



O 



>.-2 

PI 

ri 
n 



^5 3^ 



s 

< 
c 



= 5 




■5i 



so* c a « gT 

■S a 5; 2 ii 1 2 <?! 

tfltf) 2 S u « u i 




— 

. » s c 



ri 

3". 



J to h- ■= 51 



— ™ c e •= O Q 
nDq c r» 



-f: -£ oij »r ? 



§2i 

IIS 
IN 

3 Q 



aa vi oo Q ^ 'O y) 



S a 



— 3 u 
c a .ta 

^ 1A 

^-2 5 



CL. 



SO 

2 f 

rj y) 



~ 03 



q:J5 Kna:Q 



— . U W 



C _ o Q -sr 



a:x e.si^ 



* ■ a* 1 

= x - Li 

C ,0-0 

5 E"s?£: 

illl 

r- 



IS 



•B 

1.E 



3 « W> 
Q-JC sO 



— O E 
rl 

3 215 



ON 



go, 



^ ? ir 
■ C e 



: s 
;5 



2 ii 



« * 35 

v"3 ^ Kj 



■2 S g- 



_ M W 
O *2 



CL- 



^ 2 
£ E 

V w 



-£ al =.£ 



1 



J 5 S3 

etc 
^ = 
■ r- « 



1 o • 
m <n o t 

"O — 3 ~ ^3 

JO »r. — * 

— O . O 3 

1*111 

is*** 

1 j 



Jr! <*- n 



aa, j -5 * 'j2 Qc 





= ci » 2 § 2 



^ o ^ -a w 

3 — C C 83 



o 
00 



ubOUJ u — 1/) ^ buoX3 



w 
E 

o » 



§002-2 

- 3Q 'Z C 

a: ■<= -2-5 
- « ^ c 

3 



UJ 



u 



^ a> 



r 1 
00 



SO 



<X3 



< 
U 

E2 * 



-) 



3 ii 
-o — 

^ c 
Slag 



2 

5. E 



O 

a. 
X 

00 

. 3^ 



- 2 E~oi 
„• to— ri 



o > 

3-U 

> — 



c ^ <7^ 

.2 

3 — "v 

CO 



« ~ !fl V) ^ 4J w 



*J« = 5 ^ i» 
X H ^ 



- „ o. 

i'ik 

« .3 d 
0. - =u%c 



2£ '5. 3 c 

^ 5 S 
e 



c r^ 1* 3 2 e 



$8-8.8.3 



c; u i> 
> a. 



Cl 

C 

3 
C 

5 



E E" 



^ OC X? w 

V > 3 w 

- C ^3 X 



s 



x — 

ON 



C CL 

II 

IS" 

R-or* 

"3 1.^ 



2. J. 



.ON 



c - 



•83-3 

£ 2^ 



4> 



oc 



— oc *^ 

C J- tl *9 f^> 3 

.° IE c i;'-'- 

-.5 v = 1 * * 

<j ^ c . -3 - 



ri 




UJ 

f- 
O 
cc 

U 
O 
X 
m 

< 
W 
X 



u U 
C 3 



3 O SI ft* 

t> fa ex w T' ^ 
c § > «S © 




Is jj„ 

05 = C 
V cs 

Mr a 

• P fa 3 
u t C 0> 

till 

ix> « i2 
O c 

•« c P c 
§J 

w: U C o 



SI si*" 

Ills*" 



— 5 ii 

1* « CO fa 

6 



= =.s 



£ § E i f ^ 



- r- O 



> > ™ -=* « 
If? 

-4»5L> - « _ v - 

air 1 : oi — a 



w ct%C 



ra m.*.^ 3 2 C 3o JC 



IN 



<N 



Si 



OO 
00 

o 



«• cl oc-, a r\f dc 



fM 



t r>« At ri io 



a 
< 

u 

in 

5 
z 



NO 



Eio ■ fa « 6 e 

^§.-3 w = e 



.9- w ^ ^ 



*£ ^ u ■- 5 - 



••g.SQ! 

^-2 e§ ; 



X c c c 

Ed 



« e 2 



C 



w c — *» 
£ S C «l 



o.S 



4J 



«11 



< c — 



!5 o-.S 2 



S ? « Si cjo to; s = 57 Soed t>Coo 



00 

rs 



6 -H ^ at 



iil . 

■o « ^ 
■£ oc . 

V ^ 

8 

O « g 
^ 5 

o w% > r* 
fa o 

2 5uj^ 



*• ?> M 

E c 



V 

o . 



00 o 



<N 



to c 
. 5 jc <n 

c 2- 
d 




! > 2 



ri — v, "*>> 

- .2 « w • 
> = o ^ e 

is^Hli 



H ^ ^ S >, or 
3 =: « o 5 o r- 



os J = S 

■ <5 
™ .S2 

ills 

u E O 
; 3 c «n 

-J = g 
"S ^ 6** 



-5^ 



5 S 
> 



- ^ 



in 



= .2 



Ml 



u -a c 
HZ 



-Is 



s ^ .e ;^ 



_ * 



CM 



*~ B Sri 

: . Q.-0 90 
a £ ^ g 2 

— 1 C4j 3 co ^ 

^15 "I 
§s 

fN 



-S J5 Si § 

v u V > 

=: ^ ca 
co O 

00 O o ff 
r> O p £ 

" c S 2- 
• « 5 a. ^ 1 

LU CO £ *0 

St) 2 00 
- ra -£ J< T: 



— o 



c ? . o 3 c v 



'Si 2 

* E2=to 



CO . t 

E2 « «• 



? w v J= 

§|| 

Blf P 3 
I 

X'T 00 



i oc o So u M 



$£2 

> OQ > 



5 § « a c-u- § .if 



o 0 « 



" «c2 - EL 

- - n ii i 1. 



— « 8 



rM 



rsf 



rsi 





00 



J Si 8 
• e k 3 

^ 3 J3 



~ 5.TJ *" ' 



to « Sf — 

• 5 o « 5 «>X 
fa S .a-g = vH 

> §.5 5< 



J! 8a 

• 00 JC 

w I & 
00X 

" • e 
>< B. 



Exhibit D 



NYJD: 1432160.1 



JBlast Result 



Page 1 of 3 



NCBl 



PubMed 



Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 



Matrix |BLOSUM62 g gap open:|l1 \ gap extension: |l j 

x_dropoff: [SO ] expect:|10.000< wordsize: |3 j Filter C MM 



„ similar to Endoplasmin precursor (Endoplasmic reticulum protein 99) (94 

^equence ^g^^g kDa glucose-regulated protein) (GRP94) (ERP99) (Polymorphic tumor 
" rejection antigen 1) (Tumor rejection antigen gp96) [Rattus norvegicus] 

Sequence £^0324 Tumor rejection antigen gp96 [Mus musculus] 




Length 804 ^ 
Length 802 ^ 



NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1550 bits (4014), Expect = 0.0 

Identities = 788/805 (97%), Positives = 796/805 (97%), Gaps = 4/805 (0%) 



Query: 1 MRVLWVl.GLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLDG 60 

MRVIjWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 
Sbjct: 1 MRVLWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLM 60 

Query: 61 LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 120 

LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 
Sbj ct : 61 LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 120 

Query: 121 TDENALAGNEELTVKIKCDREKNLLHVTD^ 180 

TDENAL AGNEELTVK I KCD+ EKNLLHVTDTGVGMTREELVKNLGT I AKSGT SEFLNKMTE 
Sbjct: 121 TDENALAGNEELTVKIKCDKEKl^LHWDTGVGMTREELVKNLGTIAKSGTSEFLN^ 180 

Query: 181 AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 
Sbjct: 181 AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 240 

Query: 241 LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDETAQ 3 00 

LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDE A+ 
Sbjct: 241 LGRGTT I TL VLKEEASD YLELDTI KNL VRKYSQF INF P I YVWS SKTETVEEPLEEDEAAK 300 

Query: 301 EEKEEADDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 360 
EEKEE+DDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 



http://www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi70 



8/16/2004 



Blast Result Page 2 of 3 

Sbjct: 301 EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELM^IKPIWQRPSKEVEEDEYKAFYK 360 

SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 
SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 



DFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 



NDTFWKEFGTNI KLGVI EDH SNRTRLAKLLRFQS SHHSTD IT SLDQYVERMKEKQDK I YF 



MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKEGVKFDE 



SEK+KESREATEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGWSGNMER 



IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRR+KEDEDDKTVMDLAWLFET 



ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDT+E+ +DSEQDE E 



E DAG EEEEE ETEKE TEKDEL 



CPU time: 0.05 user sees. 0.00 sys. sees 0.05 total sees 

g Lambda K H 
1 0.312 0.130 0.361 

I Gapped 

Lambda K H 

0.267 0.0410 0.140 



;| bDJ Ct : 


Jul 


r| yuery : 


jbi 


4 bDlCt: 

1 


ibl 


i| Query : 

1 




;i| ouj cc : 




?* yuery : 


4ox 


:| SDjet: 


4oi 


[| Query : 


C A 1 

541 


ii Sbjct: 


541 


1 Query: 


oUI 


g: 

1: Sbjct: 

1 


601 


1 Query : 

I 


661 


i 

1 Sbjct: 


661 


g Query: 


721 


|: Sbjct: 


721 


Query: 


780 


| Sbjct: 


780 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 7160 

Number of extensions: 3828 

Number of successful extensions: 65 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 804 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 666 

Effective length of database: 666,719,727 
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♦Blast Result 



Effective search space: 444035338182 

Effective search space used: 444035338182 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 { 7.2 bits) 

X2: 129 {50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 




Matrix |BLOSUM62 m\ gap open:) 11 1 gap extension: |l 



Sequence 1 gi 44890631 Tumor rejection antigen (gp96) 1 [Homo sapiens] Length 803 (1 803) 
Sequence 2 gi 1503 032 4 Tumor rejection antigen gp96 [Mus musculus] Length 802 (1 802) 




2 8 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1538 bits (3983), Expect = 0.0 

Identities = 775/803 (96%), Positives = 791/803 (97%), Gaps = 1/803 (0%) 



Query: 


1 


MRALWVXjGLCCVTjLTFGSVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 


60 






MR LWVLGLCCVLLTFG VRADDEVDVDGTVEEDLGKSREGSRTDDEVVQREEEAIQLDG 




Sbjct : 


1 


MRVXjWVLGLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 


60 


Query: 


61 


LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 


120 






LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 




Sbjct : 


61 


LNASQIRELREK SEKFAFQAEVNRMMKLI INSLYKNKEI FLREL I SNASDALDKIRLI SL 


120 


Query: 


121 


TDENALSGNEELTVKIKCDKEKl^LH^ 


180 






TDENAL +GNE ELTVK I KC DKEKNLLH^ 




Sbjct: 


121 


TDENALAGNEELTVKIKCDKEKNLLHVTDTGVGMTREELVXNLGTIAKSGTSEFLNKMTE 


180 


Query: 


181 


AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 


240 






AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNDTQHIWESDSNEFSVIADPRGNT 




Sbjct: 


181 


AQEDGQSTSELIGQFGVGFYSAFLVADKVIVTSKHNNPTQHIWESDSNEFSVIADPRGNT 


240 


Query : 


241 


LGRGTTITLVIiKEEASDYLELDTIKNLVKKYSQFINFPIYVWSSKTETVEEPMEEEEAAK 


300 






LGRGTTITLVLKEEASDYLELDTIKNLV+KYSQFINFPIYWSSKTETVEEP+EE+EAAK 




Sbjct: 


241 


LGRGTTITLVLKEEASDYLELDTIKNLVRKYSQFINFPIYVWSSKTETVEEPLEEDEAAK 


300 


Query : 


301 


EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 


360 






EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 




Sbjct: 


301 


EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 


360 


Query : 


361 


SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 


420 



SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 
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Sbjct: 361 SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

DFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADDKY 480 
DFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIAD+KY 



NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHH TDITSLDQYVERMKEKQDKIYF 



MAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQ^AAAKEGVKFDE 



SEKTKESREA EKEFEPLLNWMKDKALKDKIEKAVVSQRLTESPCALVASQYGWSGNMER 



IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTV+DLAWLFET 



ATLRSGYLLPDTKAYGDRIERMLRLSLNIDP+A+VEEEPEEEPE+T+E+ ED+EQDE E 



EMD GT+EEEE ++ + EKDEL 



CPU time: 0.05 user sees. 0.01 sys . sees 0.06 total sees 

1- Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 



:;-3 
~Z 

P. 

!■■*■? 


ODJ CC I 




if 




AO 1 


1 


OJJ j ct . 






yufciiry . 


Aft 1 






ft O -L 




yuery : 






oDj cc : 


3*± J. 


1 


Query : 


OUl 




bu J Cc : 


bui 


1 


Queiry : 


Qui 


it 

1- 


bD3 Cc : 


DOl 


I 

1 


Query : 


■7 01 




Sbjct: 


721 




Query: 


781 




Sbjct: 


780 



0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 7092 

Number of extensions: 3817 

Number of successful extensions: 61 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 803 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 665 

Effective length of database: 666,719,727 

Effective search space: 443368618455 

Effective search space used: 443368618455 

Neighboring words threshold: 9 

Window for multiple hits: 0 
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Blast Result 



XI: 16 { 7.2 bits) 

X2: 129 (50.0 bits] 

X3: 129 (50.0 bits] 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 



ft 
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3 



:-'t 
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NCB 



Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy 



PubMed Entrez BLAST OMIM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix jBLOSUM62jf3 gap open:|l1 ! gap extension: |l 

x_dropoff: |50_J expect:|l0000j wordsize: |3 j Filter l~ 



I 



I 



« . similar to Endopiasmin precursor (Endoplasmic reticulum protein 99) (94 
Sequence kDa glucose-regulated protein) (GRP94) (ERP99) (Polymorphic tumor 
rejection antigen 1) (Tumor rejection antigen gp96) [Rattus norvegicus] 

Sequence } Tumor rejection antigen (gp96) 1 [Homo sapiens] 



HAT fQ 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1527 bits (3954), Expect = 0.0 

Identities = 773/806 (95%), Positives = 790/806 (97%), Gaps = 5/806 (0%) 



MRVLVA^GLCCVLLTFGFVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 6 0 
MR LWVLGLCCVLLTFG VRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 
MRALWVLGLCCVLLTFGSVRADDEVDVDGTVEEDLGKSREGSRTDDEWQREEEAIQLDG 6 0 



LNASQIRELREKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISL 



TDENAL +GNEELTVKI KCD+ EKNLLHVTDTGVGMTREELVKNLGT I AK SGT SEFLNKMTE 



AQEDGQSTSELIGQFGVGFYS AFLVADKVI VTSKHNNDTQH IWESDSNEF SVI ADPRGNT 



LGRGTTITLVLKEEASDYLELDTIKNLV+KYSQFINFPIYVWSSKTETVEEP+EE+E A+ 



EEKEE + DDEAAVEEEEE EKK PKTKKVEKTVWDWELMND I K P I WQR P SKEVEEDEYKAF YK 



Query: 


1 


Sbjct: 


1 


Query : 


61 


Sbjct : 


61 


Query : 


121 


Sbjct: 


121 


Query : 


181 


Sbjct: 


181 


Query : 


241 


Sbjct: 


241 


Query : 


301 



Length 804 ^ 
Length 803 ^ 
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Sbjct: 301 EEKEESDDEAAVEEEEEEKKPKTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDEYKAFYK 360 

SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 42 0 
SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 
SFSKESDDPMAYIHFTAEGEVTFKSILFVPTSAPRGLFDEYGSKKSDYIKLYVRRVFITD 420 

DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADEKY 480 
DFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIAD+KY 
DFHDMMPKYLNFVKGWDSDDLPLNVSRETLQQHKLLKVIRKKLVRKTLDMIKKIADDKY 480 

NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHSTDITSLDQYVERMKEKQDKIYF 540 
NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHH TDI T SLDQYVERMKEKQDK I YF 
NDTFWKEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKEKQDKIYF 540 

MAGS SRKEAE S S PF VERLLKKGYEVI YLTE PVDEYC I QAL PEFDGKRFQNVAKEGVK FDE 600 
MAGS SRKEAE S S PFVERLLKKGYEVIYLTE PVDEYC I QAL PEFDGKRFQNVAKEGVKFDE 
MAGS SRKEAE SSPFVERLLKKGYEVIYLTE PVDEYC I QAL PEFDGKRFQNVAKEGVKFDE 600 

S EK SKE SREAT EKE FE PLLNWMKDKALKDK I EKAWSQRLT E S PC AL VASQ YGW SGNMER 660 
SEK+KESREA EKEFEPLLNWMKDKALKDKIEKAVVSQRLTESPCALVASQYGWSGNMER 
SEKTKESREAVEKEFE PLLNWMKDKALKDK I EKAWSQRLTES PC ALVASQYGWSGNMER 660 

I MKAQ A YQTGKD I S TNYYASQKKT F E INPRH PL I RDMLRR VKEDEDDKT VMDL AWL FET 720 
IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRR+KEDEDDKTV+DLAWLFET 
IMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDLAWLFET 720 

ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPEAQVEEEPEEEPEDTTEDTTDDSEQDE-E 779 
ATLRSGYLLPDTKAYGDRIERMLRLSLNIDP+A+VEEEPEEEPE+T EDTT+D+EQDE E 
ATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDEDE 780 

ETDAGAEEEEEEQETEKEPT-EKDEL 804 
E D G +EEE ET KE T EKDEL 
EMDVGTDEEE ETAKESTAEKDEL 803 

CPU time: 0.05 user sees. 0.01 sys . sees 0.06 total sees 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 7146 

Number of extensions: 3810 

Number of successful extensions: 63 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 804 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 666 

Effective length of database: 666,719,727 



bDj Ct : 


JU1 


yuery : 




bD3 Ct : 




v^ueiry : 


A 0 1 


dDj cc : 




yuery : 


ft O X 


oDjCt : 


/ Q1 

*tol 


yuery : 


CXI 


Sdj ct : 


b41 


Query : 




SD3 ct : 


oUi 


Query: 


box 


Sbjct : 


661 


Query: 


nil 

721 


Sbjct: 


721 


Query: 


780 


Sbjct : 


781 
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Effective search space: 444035338182 

Effective search space used: 444035338182 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 { 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix |BLOSUM62 1J gap open:||1 gap exteosion: (l" 



x_dropoff : pO expect:|1 0.000* wordsize: |3 Filter T 



Sequence gi heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 

1 4 0254816 [Homo sapiens! 

Sequence . }1 ^a A Heat shock protein HSP 90-alpha (HSP 86) (Tumor specific 

2 gl transplantation 86 kDa antigen) (TSTA). 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1436 bits (3717), Expect = 0.0 

Identities = 725/733 (98%), Positives = 731/733 (98%), Gaps = 1/733 (0%) 



Length 732 ^ 
Length 733 



Query : 1 

Sbjct: 1 
Conflict 7 
modified 7 
modified 5 
HSPCA 1 



MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 



++++++++++++++++++++++++++++++++++++++++++++++++ ++++++++++++ 



Query: 61 YETLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 

YE+LTDPSKLDSGKELHINLIP+KQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 
Sbjct: 61 YESLTDPSKLDSGKELHINLIPSKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 
HSPCA 61 +++ + *+++++ + + +++++ + + + + + + +++++ + +++++++++++ ++++++++++ ++++++++++ 

Query: 121 ALQAGADISMIGQFGVGFYSAYLVAEKVWITKHNDDEQYAWESSAGGSFTVRTDTGEPM 180 

ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 
Sbjct: 121 ALQAGADI SMI GQFGVGFYSAYLVAEKVWI TKHNDDEQ Y AWES SAGGSFTVRTDTGEPM 180 
HSPCA 121 +++++++++++++ +++++++++++++++++++++++++++^ 



Query: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKED 240 

GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKE+ 
Sbjct: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 
modified 231 * 
HSPCA 181 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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Query: 241 KEEEKEKEEKESEDKPEIEDVGSDEEEE-KKDGDKKKKKKIKEKYIDQEEIiNKTKPIWTR 299 

KEEEKEKEEKES+DKPEIEDVGSDEEEE KKDGDKKKKKK I KEK Y I DQEELNKTK P I WTR 
Sbjct: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 300 
modified 263 * 
Conflict 243 **** 

HSPCA 241 +++++++++++++ ++++++++++++++++++++++++++^^ 

Query: 300 NPDDITNEEYGEFYKSLTNDWEDHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 359 

NPDDITNEEYGEFYKSLTNDWE+HLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 
Sbjct: 301 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 360 
Conflict 356 * 
HSPCA 301 +++++++++++++++++++++++++++++++++++++++++++++++++ + ++++++■*-+++ 

Query: 360 NIKLYVRRWIMDNCEELIPEYLNFIRGWM 419 

NIKLYVRRWIMDNCEELIPEYliNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLW 
Sbjct: 361 N I KL YVRR VF IMDNCEEL I PE YLNF I RG WDS EDL PLNI SREMLQQSK I LKVI RKNL VKK 420 
HSPCA 361 +++++++++++++++++++++++++++++ +++++++++++++++++++++++++++++++ 

Query; 420 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 479 

CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 
Sbjct: 421 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 
HSPCA 421 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 480 YCTRMKENQKHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 539 

YCTRMKENQKH I Y + 1 TGETKDQVANS AF VERLRKHGLEVI YMI E P I DE YC VQQLKEF EGK 
Sbjct: 481 YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 
HSPCA 481 ++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++++ 

Query: 540 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 599 

TLVSWKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 
Sbjct: 541 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 
HSPCA 541 ++++++++++++++++++++++++++++++++++++++++++ ++++++++++++++++++ 

Query: 600 WSTYGOTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHS I IETLRQKAEADKND 659 

WSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSV 
Sbjct: 601 VT STYGWTANMER I MKAQALRDNSTMGYMAAKKHLE INPDH S 1 1 ETLRQKAEADKNDK SV 660 
HSPCA 601 ++++++++++++++ +++++++ + ++++ +++ ++++++++++++++++ ++•»-+ + +++++++++ + 

Query: 660 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPPL 719 

KDLVTLLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPT DDTSAAVTEEMPPL 
Sbjct: 661 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 720 
HSPCA 661 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 720 EGDDDT SRMEEVD 732 

EGDDDT SRMEEVD 
Sbjct: 721 EGDDDT SRMEEVD 733 



HSPCA 



721 ++++-t-++++++++ 



CPU time 



0.04 user sees. 



0.00 sys. sees 



0.04 total sees. 



Lambda 
0.312 



K 



0.131 



H 



0.361 



Gapped 
Lambda 
0.267 



K 

0.0410 



H 



0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 
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Number of Sequences: 1 

Number of Hits to DB: 5682 

Number of extensions: 3005 

Number of successful extensions: 65 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 732 

Length of database: 666,719,865 

Length adjustment: 137 

Effective length of query: 595 

Effective length of database: 666,719,728 

Effective search space: 396698238160 

Effective search space used: 396698238160 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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Blast 2 Sequences results 



PubMed 



Entrez 



BLAST 



OMIM 



Taxonomy 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 

Matrix [BLOSUM62 jj gap open:|lLJ gap extension: |1 

x.dropoff: [50 expectjl 0,0001 wordsize: [3 Filter T 



Sequence £^4327 Heat shock protein 1, alpha [Rattus norvegicus] 

Sequence . 7mR4 Heat shock protein HSP 90-alpha (HSP 86) (Tumor specific 
2 81 transplantation 86 kDa antigen) (TSTA). 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 1450 bits (3754), Expect = 0.0 
Identities = 732/733 (99%), Positives = 733/733 (99%) 



Query: 1 

Sbjct: 1 
Conflict 7 
modified 7 
modified 5 
HSPCA 1 



MPEETQTQDQPMEEEEXTCTFAFQAEI AQLMSLI INTFYSNKE I FLRELI SNS SDALDKIR 6 0 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 
MPEETQTQDQPMEEEE\fETFAFQAE I AQLMSLI INTFYSNKE I FLRELI SNS SDALDKIR 60 



* 
★ 



++++++++++++++++++++++++++++ ++++++++++++++^ 



Query: 61 YESLTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 

YESLTDPSKLDSGKELHINLIP+KQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 
Sbjct: 61 YESLTDPSKLDSGKELHINLIPSKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 120 
HSPCA 61 4-++++++++ + + + + +++ +++ +++ + + + + + + ++++++++++ + ^ 

Query: 121 ALQAGADISMIGQFGVGFYSAYLVAEKVWITKHNDDEQYAWESSAGGSFTVRTDTGEPM 180 

ALQAGADISMIGQFGVGFYSAYLVAEKVTVITKHNDDEQYAWESSAGGSFTVRTDTGEPM 
Sbjct: 121 ALQAGADISMIGQFGVGFYSAYLVAEKVWITKHNDDEQYAVTCSSAGGSFTVRTDTGEPM 180 
HSPCA 121 ++++++++++++++++ +++++++++++++++++++++++^ 



Length 733 y^fy 
Length 733 



Query: 181 GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 

GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 
Sbjct: 181 GRGTKVTLHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKEE 240 
modified 231 * 
HSPCA 181 +++++++++++++++++++++++++++++++++++++++++ +++^ 
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Query: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKDGDKKKKKKIKEKYIDQEELNKTKPIWTR 300 

KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKIX3DKKKKKKIKEKYIDQEELNKTKPIWTR 
Sbjct: 241 KEEEKEKEEKESDDKPEIEDVGSDEEEEEKKIX3DKKKKKKIKEKYIDQEELNKTKPIWTR 300 
modified 263 * 
Conflict 243 **** 

HSPCA 241 ++++++ ++++++++++++++++++++++++++++++^ 

Query: 301 NPDDITNEEYGEFYKSLTNDWEEHLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 360 

NPDDITNEEYGEFYKSLTNDWEEHIJVVKHFSVEGQLEFRALL 
Sbjct: 301 N PDD I TNE E YG E F YK S L TND WE EH LAVK H F S VEGQLE FRALL FVPRRA P F D L F ENRKKKN 360 
Conflict 356 

HSPCA 301 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 361 NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDS 420 

NIKLYVRRVF IMDNCEELI PEYLNF IRGWDSEDLPLNI SREMLQQSK I LKVIRKNLVKK 
Sbjct: 361 NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKK 420 
HSPCA 361 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 421 CLELFTELAEDKE^YKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 

CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 
Sbjct: 421 CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 480 
HSPCA 421 +++++++++++++++++++ +++++++++++++++^ 

Query: 481 YCTRMKEWQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 

YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 
Sbjct: 481 YCTRMKENQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 540 
HSPCA 481 +++++++++++++++++++++++++++++++++++++^ 

Query: 541 TLVSWKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 

TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEK\AA/"SNRLVTSPCCI 
Sbjct: 541 TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNRLVTSPCCI 600 
HSPCA 541 +++++++++++++++++++++++++++++++++++++^^ 

Query: 601 VT ST YGWTANMERIMKAQ ALRDNSTMGYMAAKKHL E INPDHS 1 1 ETLRQKAEADKNDK SV 660 

WSTYGV^ANMERIMKAQALRDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSV 
Sbjct: 601 VT ST YGWT ANMER I MKAQ ALRDNSTMGYMAAKKHL E INPDH S 1 1 ETLRQKAEADKNDK S V 660 
HSPCA 601 ++++++++++++++++++++++++++++++++++++++++•++++++++++++++++++++ 

Query: 661 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 720 

KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 
Sbjct: 661 KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPL 720 
HSPCA 661 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

Query: 721 EGDDDTSRMEEVD 733 

EGDDDTSRMEEVD 
Sbjct: 721 EGDDDTSRMEEVD 733 
HSPCA 721 +++++++++++++ 

CPU time: 0.04 user sees. 0.01 sys. sees 0.05 total sees. 

Lambda K H 



0.312 



0.131 



0.360 



Gapped 
Lambda 
0.267 



K 

0.0410 



H 



0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 
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Number of Sequences : 1 

Number of Hits to DB: 5739 

Number of extensions: 3027 

Number of successful extensions: 71 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 733 

Length of database: 666,719,865 

Length adjustment: 137 

Effective length of query: 596 

Effective length of database: 666,719,728 

Effective search space: 397364957888 

Effective search space used: 397364957888 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy 



PubMed Entrez BLAST OMIM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 



Matrix JBLOSUM62 jg| gap open:|l1 • gap extension: [l 

x.dropoff: [50 expect:|l0 : 000< wordsize: |3 Filter F 



Sequence gi heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 

1 40254816 [Homo sapiens] 

Sequence |^ 734g27 Heat shock protein 1, alpha [Rattus norvegicus] 




Length 732 ^ 
Length 733 



NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 1438 bits (3722), Expect =0.0 

Identities = 726/733 (99%), Positives = 731/733 (99%), Gaps = 1/733 (0%) 



Query: 


1 


Sbjct: 


1 


Query: 


61 


Sbjct: 


61 


Query: 


121 


Sb j ct : 


121 


Query: 


181 


Sbjct: 


181 


Query: 


241 


Sbjct: 


241 


Query: 


300 


Sbjct: 


301 



MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 
MPEETQTQDQPMEEEEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIR 60 



YE+LTDPSKLDSGKELHINLIPNKQDRTLTIVDTGIGMTKADLINNLGTIAKSGTKAFME 



ALQAGAD I SMI GQFGVGFY S AYLVAEKVTVI TKHNDDEQYAWE S SAGGSFTVRTDTGE PM 



GRGTKVILHLKEDQTEYLEERRIKEIVKKHSQFIGYPITLFVEKERDKEVSDDEAEEKE+ 



KEEEKEKEEKES+DKPEIEDVGSDEEEE KKDGDKKKKKK I KEK YI DQEELNKTK P IWTR 



NPDDITNEEYGEFYKSLTNDWE+HLAVKHFSVEGQLEFRALLFVPRRAPFDLFENRKKKN 
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Query: 


360 


NIKLYVRRVFIMDNCEELIPEYLOT 


419 






NIKLYVRRVFIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRK^ 




osjj ct . 


J 0 X 


KTTVT WPPl/PTMnMPPPT TDPVT WPTPnWmQPTYT.DT WTCPPMT fV^CITTT VXTTPITNFT \7VV 




Query: 


420 


CLELFTELAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 


479 






CLELFTELAEDKEtmCKFTEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKD 




ou j ct : 






ft OU 


Query: 


480 


YCTRMKENQKHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 


539 






YCTP^F^QKHIY+ITGETKDQVANSAFVEPvLRKHGLEVIYMIEPIDEYCVQQLKEFEGK 




ou j ct, ; 




VPTT5MTTPWOPfHTVPT r T , r;P r rTfrM^\/2V'M<;aP\rPPT,PI{ , HriT WTVMTPDTnrvn/nAT VPPPPV 
X irUTir^ru^yxVTlX IT! iuCilJVUyvrUNOnf V&tvljIv!vnoljI!i V X ZmrirlUXL ^v^yLiUllif CAjlS. 


D*tU 


Query: 


540 


TLVSWKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNPXWSPCCI 


599 






TLVSVTKEGLELPEDEEEKKKQEEKKTKFENLCKIMKDILEKKVEKVWSNPXVTSPCCI 




oD] Ct : 


HA 1 


1 IjVo V 1 K£AjXj£Ujx'cJJ&^ I J\r J^XjL-KXWJSJJXXji^JVV&ixVVVbNR^ x 


bUU 


Query: 


600 


VTSTYGWTANMFJIIMKAQALRDNSTM^ 


659 






VTSTYGWTANMERIMKAQALRDNSTMGYMAAKKHLE INPDHSI I ETLRQKAEADKNDKSV 




Sdj ct : 


bul 


VT ST YGWT ANMER I MKAQ ALRDNo TMG YMAAKKHLEXNPDHSxx ETLRQKAEADKNDKSV 


r r r\ 

660 


Query: 


660 


KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPPL 


719 






KDLVILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPT DDTSAAVTEEMPPL 






QQl 


Tf FIT ,VT T J .VI?T A T ,T QQ^PCT.ffnD^TH AMP TVPVTTTT /TT./"2TnPTYriD p P\7TirjTOa a\/TI?l?MDDT 
JMJXiVXXiXj I J-i I ALibijOur oXfEXJJr^ X ZlrUN I\X I nJXlX JVXivjXAj X UXLLf U XT 1 V JJU I oAAv 1 CtXlPlcrr'Xi 


/ z U 


Query: 


720 


EGDDDTSRMEEVD 732 








EGDDDTSRMEEVD 




Sbjct : 


721 


EGDDDTSRMEEVD 733 




CPU time: 


0.06 user sees. 0.00 sys. sees 0.06 total sees 


Lambda 




K H 





0.312 0.131 0.361 
Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences: 1 

Number of Hits to DB: 5690 

Number of extensions: 3010 

Number of successful extensions: 65 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 1 

Number of HSP's successfully gapped: 1 

Number of extra gapped extensions for HSPs above 10.0: 0 

Length of query: 732 

Length of database: 666,719,865 

Length adjustment: 137 

Effective length of query: 595 

Effective length of database: 666,719,728 

Effective search space: 396698238160 

Effective search space used: 396698238160 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 { 7.2 bits) 

X2: 129 (50.0 bits) 
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1 

I X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

J S2: 80 (35.4 bits) 

t 
1 
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Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy 



PubMed Entrez BLAST OMIM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 



Matrix [BLOSUM62 jj| gap open:|l1 gap extension: |l 

x_dropoff: |50 expect.||0 OOOi wordsize: |3 Filter F 



Sequence gi heat shock 90kDa protein 1, alpha; heat shock 90kD protein 1, alpha 

1 40254816 [Homo sapiens] 

Sequence |^ g9Q63 ^ Tumor rejection antigen (gp96) 1 [Homo sapiens] 

2 




NOTE:The statistics (bitscore and expect value) is calculated based on the size of nr database 
Score = 638 bits (1645), Expect = 0.0 

Identities = 344/729 (47%), Positives - 479/729 (65%), Gaps = 27/729 (3%) 



Length 732 j^2) 
Length 803 ^ 



Query: 


15 


Sbjct : 


71 


Query: 


75 


Sbjct: 


131 


Query: 


130 


Sbjct: 


191 


Query: 


190 


Sbjct: 


251 


Query: 


250 


Sbjct: 


303 


Query: 


310 


Sbjct: 


356 



EEVETFAFQAEIAQLMSLIINTFYSNKEIFLRELISNSSDALDKIRYETLTDPSKLDSGK 74 
E+ E FAFQAE+ ++M LIIN+ Y NKEIFLRELISN+SDALDKIR +LTD + L + 
EKSEKFAFQAEVNRMMKLIINSLYKNKEIFLRELISNASDALDKIRLISLTDENALSGNE 130 

ELH I NL I PNKQDRTLT I VDTG IGMTKADL I NNLGTI AK SGTKAFM EALQAGADI S - 129 

EL + + +K+ L + DTG+GMT+ +L+ NLGTIAKSGT F+ EA + G S 



+IGQFGVGFYSA+LVA+KV V +KHN+D Q+ WES + 



LKE+ ++YLE IK +VKK+SQFI +PI ++ K 



G +GRGT + L 



E E+ +EEE KEE 
-ETVEEPMEEEEAAKEE 302 



KE D 



+ + 



+EEEE+K K K KK+++ D E +N KPIW R ++ +EY 



FYKS + + +D +A HF+ EG++ F+++LFVP AP LF+ 



KK + IKLYVRR 
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Query: 368 VFIMDNCEELIPEYLNFIRGV\mSEDLPI^ISREMLQQSKILKVIRKNLVKKCLELFTEL 427 

VFI D+ +++P+YLNF++GWDS+DLPLN+SRE LQQ K+LKVIRK LV+K L+ + + + 

Sbjct: 416 VFITDDFHDMMPKYLNFVKGVVDSDDLPLNVSRETLQQHK^ 475 

Query: 428 AEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKEN 487 

A+DK N F+++F NIKLG+ ED NR +L++LLR+ +S ++ SL Y RMKE 

Sbjct: 476 ADDKYN-DTFWKEFGTNIKLGVIEDHSNRTRIAKLLRFQSSHHPTDITSLDQYVERMKEK 534 

Query: 488 QKHIYYITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTKE 547 

Q IY++ G ++ + +S FVERL K G EVIY+ EP+DEYC+Q L EF+GK +V KE 

Sbjct: 535 QDKIYFMAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAKE 594 

Query: 548 GLELPEDEEEKKKQEEKKTKFENLCKIMKD-ILEKKVEKVWSNRLVTSPCCIVTSTYGW 606 

G+ + E E+ K+ +E + +FE L MKD L+ K+EK WS RL SPC +V S YGW 

Sbjct: 595 GVKFDESEKTKESREAVEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYGW 654 

Query: 607 TANMERIMKAQAL RDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSVKDLV 663 

+ NMERIMKAQA +D ST Y + KK EINP H +1 + ++ + D++DK+V DL 

Sbjct: 655 SGNMERIMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDLA 714 



Query: 664 ILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTADDTSAAVTEEMPPLEGDD 723 
++L+ETA L SG+ L D + + +RI RM++L L ID D ++ E D 

| : Sbjct: 715 WLFETATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDT 774 

Query: 724 DTSRMEEVD 732 

+ EE+D 
Sbjct: 775 EQDEDEEMD 783 

Score = 35.4 bits (80), Expect = 8.6 

Identities = 21/73 (28%), Positives = 38/73 (51%), Gaps = 2/73 (2%) 



Query: 208 KKHSQFIGYPITLFVEKERDKEVSDDEAEEKEDKEEEKEKEEKESEDKPEIEDVGSDEEE 267 

K + I + L + + D +V ++ EE E+ E+ ++ ++ ED E DVG+DEEE 
Sbjct: 733 KAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDED--EEMDVGTDEEE 790 



Query: 268 EKKDGDKKKKKKI 280 

E +K ++ 

Sbjct: 791 ETAKESTAEKDEL 803 



CPU time: 0.08 user sees. 0.00 sys. sees 0.08 total sees 



Lambda K H 

0.312 0.131 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



I Matrix: BLOSUM62 

i Gap Penalties: Existence: 11, Extension: 1 

j Number of Sequences: 1 

I Number of Hits to DB: 5882 

j Number of extensions: 3409 

j Number of successful extensions: 66 

\ Number of sequences better than 10.0: 1 

l Number of HSP's better than 10.0 without gapping: 1 

[ Number of HSP's gapped: 5 
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Number of HSP's successfully gapped: 2 
(■■ Number of extra gapped extensions for HSPs above 10.0: 0 
I- Length of query: 732 
\\ Length of database: 666,719,865 
Length adjustment: 137 
Effective length of query: 595 
Effective length of database: 666,719,728 
Effective search space: 396698238160 
I J Effective search space used: 396698238160 
I: Neighboring words threshold: 9 
J; Window for multiple hits: 0 
I XI: 16 (7.2 bits) 
I X2: 129 (50.0 bits) 
1 X3: 129 (50.0 bits) 
SI: 42 (22.0 bits) 
S2: 80 (35.4 bits) 



j 

I 

'i 
k 

! 
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Blast 2 Sequences results 

Entrez BLAST OMIM Taxonomy 



PubMed Entrez BLAST OMIM Taxonomy Structure 

BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-2004] 



Matrix |BLOSUM62 jj gap open:|ll.._.'' gap extension: |l 
x.dropoff: |50 • expectjlpOOCM wordsize: |3 Filter T 



Sequence 1 gi 44890631 Tumor rejection antigen (gp96) 1 [Homo sapiens] Length 803 (1 .. 803) 
Sequence 2 gi 48734827 Heat shock protein 1, alpha [Rattus norvegicus] Length 733 (1 733) 

2 




NOTErThe statistics (bitscore and expect value) is calculated based on the size of nr database 

Score = 641 bits (1654), Expect = 0.0 

Identities = 346/730 (47%), Positives = 482/730 (65%), Gaps = 28/730 (3%) 



Query: 


71 


Sbjct : 


15 


Query: 


131 


Sbjct: 


75 


Query: 


191 


Sbjct: 


130 


Query: 


251 


Sbjct: 


190 


Query: 


304 


Sbjct: 


250 


Query: 


355 


Sbjct: 


310 


Query: 


415 



E+ E FAFQAE+ + +M LIIN+ Y NKEIFLRELISN+SDALDKIR SLTD + L 



EL + + +K+ 



L + DTG+GMT+ +L+ NLGTIAKSGT F+ 



+IGQFGVGFYSA+LVA+KV V +KHN+D Q+ WES + 



LKE+ ++YLE IK +VKK+SQFI +PI ++ K 



EA + G 



+GRGT + L 



•ETVEEPMEEEEAAKEEK 303 
+ EE E+EE ++E+ 



+ESDD+ +E 



-EEEEEKKP KTKKVEKTVWDWELMNDIKPIWQRPSKEVEEDE 354 

EEEEEKK K KK+++ D E +N KPIW R ++ +E 



Y FYKS + + ++ +A HF+ EG++ F+++LFVP AP LF+ 



KK + IKLYVR 



RVFI D+ + ++P+YLNF++GWDS+DLPLN+SRE LQQ K+LKVIRK LV+K L++ + 
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Sbjct: 368 RWIMDNCEELIPEYLNFIRGVVDSEDLPLNISREMLQQSKILKVIRKNLVKKCLELFTE 427 

Query: 475 IADDKYN-DTF>/KEFGTNIKLGVIEDHSNRTRLAKLLRFQSSHHPTDITSLDQYVERMKE 533 

+A+DK N F+++F NIKLG+ ED NR +L++LLR+ +S ++ SL Y RMKE 
Sbjct: 428 IiAEDKENYKKFYEQFSKNIKLGIHEDSQNRKKLSELLRYYTSASGDEMVSLKDYCTRMKE 487 

Query: 534 KQDKIYFMAGSSRKEAESSPFVERLLKKGYEVIYLTEPVDEYCIQALPEFDGKRFQNVAK 593 

Q IYF+ G ++ + +S FVERL K G EVIY+ EP+DEYC+Q L EF+GK +V K 
Sbjct: 488 NQKHIYFITGETKDQVANSAFVERLRKHGLEVIYMIEPIDEYCVQQLKEFEGKTLVSVTK 547 

Query: 594 EGVKFDESEKTKESREAVEKEFEPLLNWMKDKALKDKIEKAWSQRLTESPCALVASQYG 653 

EG++ E E+ K+ +E + +FE L MKD L+ K+EK WS RL SPC +V S YG 
Sbjct: 548 EGLELPEDEEEKKKQEEKKTKFENLCKIMKD-ILEKKVEKVWSIHUjVTSPCCIVTSTYG 606 

Query: 654 WSGNMERIMKAQAYQTGKDISTNYYASQKKTFEINPRHPLIRDMLRRIKEDEDDKTVLDL 713 

W+ NMERIMKAQA +D ST Y + KK EINP H +1 + + + + D++DK+V DL 
Sbjct: 607 WT ANMER IMKAQ AL RDNSTMGYMAAKKHLEINPDHSIIETLRQKAEADKNDKSVKDL 663 

Query: 714 AWLFETATLRSGYLLPDTKAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTED 773 

++L+ETA L SG+ L D + + +RI RM++L L ID 0 ++ E D 

Sbjct: 664 VILLYETALLSSGFSLEDPQTHANRIYRMIKLGLGIDEDDPTVDDTSAAVTEEMPPLEGD 723 

Query: 774 TEQDEDEEMD 783 

+ EE+D 
Sbjct: 724 DDTSRMEEVD 733 

Score = 38.5 bits (88), Expect = 1.1 

Identities = 22/70 (31%), Positives = 38/70 (53%), Gaps = 2/70 (2%) 



Query: 733 KAYGDRIERMLRLSLNIDPDAKVEEEPEEEPEETAEDTTEDTEQDED — EEMDVGTDEEE 790 

K + I + L + + D +V ++ EE EE E+ ++ ++ +D E DVG+DEEE 
Sbjct: 208 KKHSQFIGYPITLFVEKERDKEVSDDEAEEKEEKEEEKEKEEKESDDKPEIEDVGSDEEE 267 

Query: 791 ETAKESTAEK 800 

E K+ +K 
Sbjct: 268 EEKKDGDKKK 277 

CPU time: 0.11 user sees. 0.01 sys. sees 0.12 total sees. 

Lambda K H 

0.312 0.130 0.361 

Gapped 

Lambda K H 

0.267 0.0410 0.140 



Matrix: BLOSUM62 

Gap Penalties: Existence: 11, Extension: 1 

Number of Sequences : 1 

Number of Hits to DB: 5960 

Number of extensions: 3415 

Number of successful extensions: 68 

Number of sequences better than 10.0: 1 

Number of HSP's better than 10.0 without gapping: 1 

Number of HSP's gapped: 16 

Number of HSP*s successfully gapped: 2 

Number of extra gapped extensions for HSPs above 10.0: 0 
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Length of query: 803 

Length of database: 666,719,865 

Length adjustment: 138 

Effective length of query: 665 

Effective length of database: 666,719,727 

Effective search space: 443368618455 

Effective search space used: 443368618455 

Neighboring words threshold: 9 

Window for multiple hits: 0 

XI: 16 ( 7.2 bits) 

X2: 129 (50.0 bits) 

X3: 129 (50.0 bits) 

SI: 42 (22.0 bits) 

S2: 80 (35.4 bits) 
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Blast 2 Sequences results 

PubMed Entrez BLAST OMIM Taxonomy 



NCB 



Structure 



BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.9 [May-01-20O4] 

Matrix |BLOSUM62 J| g a p open:[l1.__j gap extension: 
x_dropoff: [50 ; expect:|lpOppi wordsize: |3 Filter T 




Sequence ^ Tumor rejection antigen (gp%) 1 [Homo sapiens] 



Sequence 
2 



• mikA Heat shock protein HSP 90-alpha (HSP 86) (Tumor specific 
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Protein folding in the cell 

Mary-Jane Gething & Joseph Sambrook 



In the cell, as in vitro, the final conformation of a protein is determined by its amino-acid sequence. But 
whereas some isolated proteins can be denatured and refolded in vitro in the absence of other 
macromolecular cellular components, folding and assembly of polypeptides in vivo involves other proteins, 
many of which belong to families that have been highly conserved during evolution. 



Until recently, scientists using biophysical techniques to study 
refolding of polypeptides in vitro had little need for communica- 
tion with those investigating the biosynthesis and maturation of 
proteins within cells. But the realization that the attainment of 
correct tertiary and quaternary structure is an important deter- 
minant of efficient intracellular protein transport 1 " 3 led to the 
development of techniques to analyse the early stages of protein 
folding in vivo 4 . These studies have shown that in cells families 
of abundant proteins modulate and promote protein folding, 
assembly and disassembly, and facilitate the degradation of 
malfolded polypeptides. Here we review current knowledge of 
these proteins and discuss current theories of the mechanisms 
by which they function. 

Protein folding in vitro and in vivo 

Although the three-dimensional structures of several hundred 
proteins are now known in great detail 5,6 , the pathways by which 
such polypeptides attain their native configurations remain sub- 
stantially undefined. Anfinsen's classic experiments on the 
refolding of ribonuclease in vitro 1 * established that all the 
information required to determine the final conformation of a 
protein can reside in the polypeptide chain itself: the denatured 
enzyme can refold into its native conformation in the absence 
of other proteins. Similar results have since been obtained with 
several other small, single-domain polypeptides, and with a few 
larger, more complex proteins (reviewed in refs 9-13). Such 
studies suggest that refolding in vitro may be initiated by (1) 
collapse of hydrophobic regions into the interior of the molecule, 
(2) formation of stable secondary structures that provide a 
framework for subsequent folding, and (3) formation of covalent 
interactions, such as disulphide bonds, that stabilize the poly- 
peptide in particular conformations. Evidence has been obtained 
in support of each of these mechanisms and it is likely that all 
three may operate in conjunction during the early stages of 
refolding. Subsequent folding seems to occur through a limited 
number of pathways involving distinct intermediates ('molten 
globules'' 4 - 15 or 'compact intermediates 113 ) that have significant 
secondary structure and a compact form but lack a well-defined 
tertiary structure and expose more hydrophobic surface than 
fully folded molecules. These intermediates seem to be in rapid 
equilibrium with the fully denatured state and are only slowly 
converted to the native state. Thus the rate limiting step in the 
refolding process frequently occurs at a very late stage, just 
before the protein adopts its final, native conformation. 

Despite their value in defining the types of intramolecular 
interactions that drive polypeptide folding, in vitro experiments 
do not accurately reflect the process of folding of nascent pro- 
teins in the interior of a cell. Refolding in vitro is frequently 
very inefficient in comparison to folding in vivo, and often 
requires protein concentrations and physicochcmical conditions 
very different from these occurring intracetlularly. Furthermore, 
although refolding experiments involve the whole polypeptide 
chain, the opportunity exists in vivo for folding to commence 
as soon as the N-terminaJ portion of the nascent chain emerges 
from the ribosome for from the lipid bilayer following membrane 
translocation). Finally, many proteins exist in cells as homo- or 
hetero-oligomeric complexes that in some cases are assembled 



before folding of the individual polypeptide chains is complete. 
The probability is slight that such complexes could form in vitro 
at the low subunit concentrations occurring intracellularly 16 ; the 
probability is even lower that they could form before individual 
chains have become irreversibly malfolded. 

To investigate protein folding in vivo it was first necessary lo 
devise assays for polypeptide conformation that do not depend 
on obtaining large quantities of partially folded proteins that 
are sufficiently pure for physicochemical measurements. The 
first such assays analysed the formation of disulphide bonds 
during the folding of biosynthetically labelled secretory proteins 
and showed that these bonds can form even before synthesis of 
a polypeptide is completed, and that disulphide bond formation 
occurs in vivo at a significantly faster rate than can be achieved 
under the most favourable conditions in vitro 17 . Subsequently, 
additional in vivo folding assays were developed that use confor- 
mation-specific antibodies, protease sensitivity, or sucrose 
density gradient centrifugation to probe the tertiary and quater- 
nary structure of radiolabeled proteins (reviewed in ref. 4). 
Studies using these techniques showed that although individual 
domains of a nascent polypeptide may fold very rapidly, acquisi- 
tion of the final native structure of the whole protein can proceed 
comparatively slowly. Furthermore, partially folded intermedi- 
ates whose structures would seem unlikely to be stable in the 
presumably aqueous environment of the cell's interior can lie 
dormant for many minutes to many hours before folding is 
completed 3,18,19 . Despite such extended pauses in the assembly 
process, folding in vivo of wild-type proteins is usually highly 
efficient with >95%of the newly synthesized polypeptides event- 
ually attaining their native three-dimensional structures 1 ' 20 . 
Polypeptide misfolding and aggregation, frequently a major 
problem during refolding in vitro 2 *, rarely occurs in vivo except 
with mutant proteins or during synthesis at elevated tem- 
peratures. Finally, partially folded polypeptides can frequently 
be isolated as complexes with specific cellular proteins, notably 
members of stress protein families 3,22-2 *. 

The rest of this article summarizes the results of studies that 
have revealed the existence of at least two classes of proteins 
involved in polypeptide folding in cells. The first class includes 
conventional enzymes that catalyse specific isomerization steps 
that may otherwise limit the rate of folding of some proteins, 
whereas a second class of 'chaperones' stabilize unfolded or 
partially folded structures and prevent the formation of inap- 
propriate intra- or interchain interactions. Some members of 
this second class also interact with apparently native protein 
molecules to promote rearrangement of protein-protein interac- 
tions in oligomeric structures. 

Enzymes involved in protein folding 

In vitro, two rate-determining steps involving isomerization of 
covalent bonds can be catalysed by purified cellular enzymes. 
Protein disulphide isomerase (PDI) catalyses thiol/disulphide 
interchange reactions and, depending on the nature of the poly- 
peptide substrate and the imposed redox potential, promotes 
protein disulphide formation, isomerization or reduction 27 * 28 . 
PDI does not determine the polypeptide's folding pathway, but 
rather facilitates formation of the correct set of disulphide bonds 
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by promoting rapid reshuffling of incorrect disulphide pairings. 
Proteins with peptidyl prolyl cis- trans isomerase (PPIase) 
activity catalyse the otherwise slow isomerization of X- P peptide 
bonds (where X is any amino acid and P is proline in single-letter 
amino-acid code) and can accelerate the refolding of proline- 
containing polypeptides in wira 10,29,30 and in vivo 

PDI and the thioredoxin-like proteins 

Several lines of evidence suggest that PDI activity is required 
for folding of nascent polypeptides in the endoplasmic reticulum 
(ER) of eukaryotic cells. Thus the abundance of the enzyme in 
the ER of different cell types correlates with the level of secretory 
protein synthesis' 7 and in vivo chemical crosslinking studies 
demonstrate a specific association between the enzyme and 
newly synthesized immunoglobulin chains in the ER (ref. 32). 
Finally, ^introduction of purified PDI into microsomes evacu- 
ated of their tumenal content by alkali or detergent treatment 
restores cotranslational formation of disulphide bonds in pro- 
teins synthesized using a cell-free system 33 - PDI is an essential 
protein in yeast* 4,35 , but the biological process whose disruption 
leads to lethality has not yet been defined. 

Mammalian PDI is a dimer of identical subunits of relative 
molecular mass 57,000 (M r 51K). each of which contains dupli- 
cations of domains showing strong homology to thioredoxin 36 , 
a small redox protein present in all classes of organisms from 
bacteria to higher eukaryotes 37 . Computer modelling studies 
based on the known three-dimensional structure of Escherichia 
coli thioredoxin indicate that a functional PDI dimer contains 
four thioredoxin-like domains each having a dithiol/disulphide 
active site located on a prominent loop at the surface of the 
molecule 38 . 

POPs role in the ER may not be limited to disulphide isomeriz- 
ation 28 . First, many types of mammalian cells contain, in addi- 
tion to substantial amounts of homodimeric PDI, the enzyme 
prolyl-4-hydroxyiase which causes extensive modification of 
proline residues in nascent collagen molecules. This enzyme, an 
a 2 pz tetramer whose 0-chain dimers are identical to PDI, also 
has PDI activity (reviewed in ref. 27). The 64K o-chains form 
the binding site for the peptide substrate to be hydroxylated, 
but it has not yet been determined whether the dithiol/disulphide 
active sites of the PDI/^-subunits are directly involved in the 
hydroxylation reaction. Second, the 'glycosylation site binding 
protein' (GSBP) component identified using a glycosylation site 
photoaffinity probe 39 is identical to PDI (ref. 34). However, 
involvement of this enzyme during N-linked glycosylation in 
the ER is not proved, as depletion of PDI from microsomes 
does not affect their capacity to support oligosaccharide addition 
to nascent polypeptides 40 . Finally, PDI has also been identified 
as a component of the microsomal triglyceride transfer protein 
complex 41 . 

Recent studies have identified other ER proteins containing 
thioredoxin homology units. ERp59, ERpol and ERp72, three 
members of a set of proteins whose synthesis is induced at onset 
of immunoglobulin secretion in murine B cells 42 , have been 
characterized by complementary DNA cloning and sequencing. 
ERp59 is identical to PDI (ref. 43). Although ERp6I contains 
two thioredoxin-like domains found in the same relative posi- 
tions as in the PDI molecule, the rest of its sequence is unrelated 
to that of PDI (R. Mazzarella and M. Green, personal communi- 
cation). ERp72 contains three thioredoxin homology units, two 
of which are spaced as in PDI, embedded in otherwise unrelated 
sequences 43 . Neither ERp61 nor ERp72 have PDI activity in 
vitro. Finally, an essential gene, EUG1, encoding another PDI- 
related ER protein containing thioredoxin homology units but 
lacking PDI activity, has been identified in Saccharomyces 
cerevisiae (C. Tachibana and T. Stevens, personal communica- 
tion). Whether the unknown functions of these proteins use the 
redox activity of their thioredoxin-related structural units is still 
in question. In this context it is of interest that thioredoxin itself 
is required for assembly of filamentous phages in E, coli, playing 



a part that does not involve its redox activity as site-specific 
mutation of either or both of the active site cysteines does not 
alter the ability of the mutant proteins to support phage assembly 
(for review, see ref. 44). Thioredoxin is thought to confer pro- 
cessivity on the reaction that leads to the displacement of the 
intracellular phage protein pV from single-stranded phage DNA 
and to its replacement at the membrane by the major coat 
protein, pVIII. 

Thus the ER houses an extended family of enzymes (Table 
1 ) that may use thioredoxin-like domains containing dithiol/dis- 
ulphide active sites to carry out various functions in the co- and 
post-translational modification of secretory proteins. Whether 
these proteins may also have roles in protein assembly that do 
not involve redox activity, and whether there may be, in addition 
to thioredoxin itself, other members of this family located in 
other compartments of the cell remains to be determined. 

Peptidyl prolyl cis-trans isomerases 

Proteins with PPIase activity are highly abundant and widely 
distributed, being found in virtually all tissues and organisms, 
from bacteria to mammals (reviewed in ref. 10). Those proteins 
characterized so far fall into two structurally unrelated families 
(Table 1), which are named after the clinically important 
immunosuppressive agents that inhibit their isomerase activity. 
Thus the eukaryotic cyclophilin proteins bind cyclosporin A 
(CsA) with high affinity, whereas the FK506-binding proteins 
bind the structurally distinct compounds FK506 and rapamycin 
(reviewed in ref. 45). Both CsA and FK506 mediate their 
immunosuppressive action by preventing the transcription of 
genes involved in activation of T lymphocytes, whereas rapamy- 
cin potently inhibits the response of T cells to the lymphokine 
IL-2 (ref. 45). These immunosuppressive drugs do not act 
through inhibition of the PPIase activity of T cells as they are 
effective at concentrations far below those of the PPIase enzy- 
mes, and they inhibit distinct signalling pathways. Rather it 
seems that cyclophilin and FK.BP bind the drugs, which are 
cyclic peptides, and present them (to as yet undefined targets) 
in a bioactivc conformation that may require a cis-trans 
isomerization around one of their peptide bonds 4 *' 4 . 

Although most of the PPIase activity in cells is found in the 
cytosol, family members are located in different cellular com- 
partments. Thus cyclophilin-like proteins are also present in the 
periplasniic space of E. coli cells 45 * 49 , and in the mitochondrial 
matrix of Neurospora crassa 50 . Furthermore, the nucleotide 
sequences of cyclophilin-related genes cloned from S. 
cerevisiae* 1 , Drosophila melanogaster 52 ' 5 * and vertebrate 
cells' 4 " 57 and of the FKBP-related gene from human cells 5 * each 
encode a stretch of N-terminal amino acids whose sequences 
are compatible with function as signal peptides for translocation 
into the lumen of ER. Following their translocation into the 
ER, some cyclophilin-related proteins may also be transported 
along the exocytic pathway and secreted into the extracellular 
medium 55 ' 56 . Consistent with this diversity of localization are 
the findings that multiple genes encoding cyclophilin- and 
FK BP-related proteins are present in mammalian cells and lower 
eukaryotes 58-61 » although in N. crassa a single gene encodes 
both cytosolic and mitochondrial cyclophilins 50 . Genetic studies 
in lower eukaryotes demonstrated that the cyclophilin and FKBP 
gene products that mediate sensitivity to CsA or FK.506 and 
rapamycin are not essential for cell viability either 
individually* 1 " 63 or in combination 63 , either because of the pres- 
ence in cells of additional proteins having PPIase activity or 
because this activity is not required for cell survival. 

Despite our partial understanding of their adventitious role 
in the suppression of T-!ymphocyte function 45 , the real in vivo 
role and physiological substrates of enzymes with PPIase activity 
remain to be established. It seems likely that these highly abun- 
dant and widely distributed proteins normally act as 'confor- 
mascs' (ref. 10) catalysing slow steps in the initial folding and/or 
rearrangement of protein structures. Initial evidence in support 
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TABLE 1 Enzymes and chapeiones that may be involved in protein folding and assembly in cells 



Organism/or ganeiie 



Protein 
family 



£ cofi 
Cytosol 
Periplasm 

Yeast 
Cytosof 

ER 

Mitochondria 

Dfosophi'a 
Cytosol 



ER 

Mammals 
Cytosol 



ER 



Mitochondria 

Rants 
Cytosol 
Eft 

Chtoroplasts 



PDI 
Thioredoxin 



PDI 
Euglp 



PDI 



PDKERp59) 
GS8P 
ERp72 
£Rp6l 



PDI 



Enzymes 



Cyclophilin PPIase 

PPIase b 
PPIase a 
(Rotamase) 

Cphlp(Cprlp) 
yCyPB 



CyP 



NinaA 

Cyclophilin 
(PPtase) 
(CyPA) 

CyPB(rCyPLP) 



FKBP PPIase 



Hsp60 
(Chaperonin-60) 

GfoEL 



Fkblp(Fkrlp) 
(Rbplp) 



Hsp60(Mif4p) 



FKBP 



Hsp60 (Hsp58) 



RuSBP 



Chaperones 



Hsp70 
(Stress-70) 



DnaK 

Ssal -4p 

Kar2p(BiP} 

Ssclp 

Hsp68 
Hsp70 
Hscl.2.4 



Hsp70 (p73> 
Hsc70{p72) 

(CUATPase) 

(Prp73) 
BiP (Grp78) 



Hsp70 (Grp75) 



b70(BiP) 



Hsp90 ' 
(Stress-90) 

HtpG(C6Z5> 



Hsp83 
Hsc83 



Hsp83 



Hsp90(Hsp83) 
(Hsp87) 



Grp94 (ERp99) 
(endopfasmin) 



Six protein families have been identified whose members include enzymes or chaperones proposed to be 
or degradation of proteins in cells. Members that have been characterized to date from a variety of different 
shown in parentheses. For references see the text. 



involved in folding, assembly, rearrangement 
organisms are shown. Alternative names are 



of this hypothesis came from the discovery that the D. 
melanogaster ninaA gene product, an eye-specific cyclophilin- 
related membrane protein, is required for the folding and/or 
stability of rhodopsins 1 and 2 (refs 52, 53, 64). Treatment of 
chick embryo fibroblasts with cyclosporin A delays the folding 
of the triple helix of type I collagen, indicating a physiological 
role for cyclophilin PPIase in folding in the ER (ref. 31). 

The mechanism by which the two classes of PPIases catalyse 
rotation around specific peptide bonds also remains to be deter- 
mined. Human cyclophilin and FKBP display dramatic differen- 
ces in substrate specificity. Although cyclophilin has a broad 
specificity and does not discriminate between P, amino-acid 
residues, FKBP has a narrow specificity with a preference for 
hydrophobic residues at the P, position 65 . The reason for this 
preference became clear with the determination of the three- 
dimensional structure of FICBP (refs 47, 66), as the folding 
topology provides a large cavity, lined with conserved aromatic 
residues, that serves as the active site and drug binding pocket. 
Mechanistic studies (reviewed in ref. 45) suggest that both 
cyclophilin and FKBP catalyse the interconversion of cis- and 
/rawj-rotamers of peptide substrates by noncovalent stabiliz- 
ation of a twisted amide transition state. 

Protein chaperones 

A number of other cellular proteins, now collectively known as 
chaperones 6 ', function in vivo not as catalysts of secondary 
structure formation, but rather to recognize and stabilize par- 
tially folded intermediates during polypeptide folding, assembly 
and disassembly. The majority of the currently identified 
chaperones belong to three highly conserved protein families, 
whose members are widely distributed from prokaryotes to 



plants and mammals (Table 1). In eukaryotic cells, different 
family members are found in different cellular compartments 
and organelles. As their names imply, proteins of the hsp70, 
hsp90 and chaperonin (groEL/hsp60) families first came to 
attention because of their specific induction during the cellular 
response of all organisms to heat shock { reviewed in refs 68-7 1 ). 
Nevertheless, the majority of the family members are expressed 
constitutively and abundantly in the absence of any stress, and 
genetic studies show that many of these proteins are essential 
for cell viability under normal conditions of growth 68 * 71 * 73 . Many 
hsp family members, including those that do not respond sig- 
nificantly to heat shock, are induced under a variety of other 
stress conditions 6 ** 74 " 75 whose common denominator may be the 
accumulation of unfolded or malfolded proteins in cells 76 ' 79 . 
To reduce confusion arising from the use of the term *hsp* to 
describe all family members regardless of their response to heat 
shock, we will use the terms "stress-70' and *stress-90 F for mem- 
bers of the 70K and 90K families, respectively, a nomenclature 
similar to that suggested by Craig 68,80 for the 70K family of $. 
cerevisiae. The 60K (groEL/hsp60) family is currently described 
by the term *chaperonin-60' 8M2 . 

Chaperones seem to serve many functions that stem from 
their ability to recognize and modulate the state of folding of 
polypeptides within cells (Table 2). Thus members of the stress- 
70 family have been implicated in the stabilization or generation 
of unfolded protein precursors before assembly in the cytosol 83 
or translocation into organelles including the ER and 
mitochondria 84-86 , in stabilization of newly translocated poly- 
peptides before folding and assembly 3 - 23,87 " 90 , in rearrangement 
of protein oligomers 72 * 91,92 , in dissolution of protein 
aggregates 87,91 , and in the degradation of rapidly turned-over 
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cytosolic proteins 94,95 . Stress-90 proteins seem to stabilize a 
variety of target proteins in an inactive or unassembled state 68 . 
Chaperonin-60 proteins bind unfolded precursors before export 
of secretory proteins 24,26 or assembly of protein oligomers in 
E. ro/i, and help in folding and assembly of polypeptides translo- 
cated into chloropiasts or mitochondria in eukaryotic cells 97 " 99 . 
In addition, unrelated cellular proteins that are not members of 
any of these stress protein families have been implicated in 
protein in cells. Nuclcoplasmin, for which Laskey 101 coined 
the term chaperone in 1978, binds to histones and facilitates 
ordered nucleosome assembly in the nucleus. In the ER, the 
T-cell receptor-associated protein, TRAP (ref. 102) or p28 (ref. 
103), is noncovalently associated with the newly synthesized 
CD3 chains until they assemble with other subunits of the 
receptor, whereas an 88 K protein transiently associates with 
newly synthesized major histocompatability complex (MHC) 
class I heavy chains 104 . In E. colt, SecB and trigger factor also 
bind unfolded secretory precursors before their export across 
the plasma membrane 26,1 *~ 107 , PapD has been proposed to act 
as a chaperone in the periplasmic space to enhance the folding 
and assembly of components of P pili 108,109 , and 'scaffolding 
proteins* encoded by bacteriophages promote the assembly of 
phage coats although they are not finally incorporated into the 
viral particles 110 . With the realization that polypeptide folding 
in the cell frequently requires the assistance of chaperones, some 
with a broad target specificity and some dedicated to assembly 
of particular macromolecules, it seems inevitable that many 
more such proteins will be identified in the coming months and 
years. 

The stress-70 protein family 

The role of stress-70 proteins during the heat-shock response 
has been studied extensively for many years (for recent reviews 
sec refs 68-71), but only recently has their importance in normal 
cellular processes such as protein folding, assembly, disassembly 
and degradation (Fig. I) become widely appreciated 87,95,111 * 112 . 
Stress-70 family members implicated in such processes include 
in E. co/i, DnaK; in yeast the cytosolic proteins Ssalp and Ssa2p, 
the ER protein Kar2p and the mitochondrial protein Ssclp; and 
in mammalian cells the cytosolic proteins hsp70 (p72), hsc70 
(p73, clathrin uncoating ATPase) and prp73 (peptide recogni- 
tion protein 73), and the ER protein BiP (also known as grp78). 
Although in no case is the interaction 
between an individual stress-70 protein and 
its target polypeptide understood in 
molecular detail, the available evidence 
reveals several common features that point 
to a conserved mechanism for the action of 
these ubiquitous proteins. These features 
include (1) differential recognition of target 
polypeptides and modulation of their con- 
formation or state of assembly, (2) involve- 
ment of ATP binding and/or hydrolysis, (3) 
a requirement for other heat shock proteins 
or cellular factors, and (4) the induction of 
synthesis of individual stress-70 family 
members by the accumulation of unfolded 
proteins in the appropriate cellular com- 
partment. 

£ co// DnaK. DnaK, originally, denned as 
the product of a host gene required for 
bacteriophage A DNA replication in E. co/i, 
also plays fundamental roles in normal cel- 
lular physiology 72 . Mutations in the dnaK 
gene result in temperature-sensitive growth 
of E co/i, overproduction of other heat- 
shock proteins even at permissive tem- 
peratures, impaired synthesis of DNA and 
RNA and a generalized defect in proteoly- 
sis. Furthermore, the synthesis of DnaK is 



increased as a result of the accumulation in cells of unfolded 
polypeptides 115 and DnaK binds foreign eukaryotic proteins 
expressed in E. co/i n \ Finally, overproduction of DnaK aids 
the export of lacZ hybrid proteins across the bacterial inner 
membrane 115 . These observations all indicate the involvement 
of DnaK in modulating many protein-protein interactions in 
vivo. Detailed in vitro studies have now illustrated the ability 
of DnaK to interact with either fully assembled or unfolded 
polypeptide substrates. During bacteriophage replication, DnaK 
functions together with two other heat shock proteins, DnaJ 
and GrpE, to release lambda P protein from the inactive pre- 
primosomal replication complex 72116 * 11 '. DnaK also functions 
together with DnaJ to activate Rep A initiator protein for binding 
to the origin of replication of plasmid PI (ref. J 18). Hydrolysis 
of ATP, thought to be catalysed by DnaK, is required during 
both reactions, and in vitro this ATPase activity of DnaK can 
be stimulated up to 50-fold in the simultaneous presence of 
DnaJ and GrpE (ref. 1 19). Finally, DnaK, which often associates 
with £. colt RNA polymerase through many purification steps, 
can protect the enzyme from heat in activation in vitro 9 *. ATP 
is not required for the protective effect. DnaK can also reactivate 
heat-inactivated RNA polymerase by dissolving aggregates for- 
med at high temperatures but this process is absolutely depen- 
dent on the hydrolysis of ATP. 

Cytosolic stress-70 proteins of eukaryotes. On heat shock of 
mammalian cells, both the constitutively expressed hsc70 pro- 
teins and the heat-induced hsp70 proteins migrate from the 
cytoplasm to the nucleus where they associate with polypeptides 
that form an insoluble complex at the increased temperature 
(reviewed in ref. 111). Subsequently the stress-70 proteins also 
migrate to the nucleolus and associate with partially assembled 
proribosomes. Presumably, at elevated temperatures nuclear 
proteins become partially denatured, exposing hydrophobic 
regions that tend to interact to form insoluble aggregates. 
Pelham 87120 proposed that by binding to the exposed hydro- 
phobic surfaces, stress-70 proteins could limit such interactions 
and perhaps promote disaggregation. In cell extracts, the stress- 
70 proteins could be released from their association with 
nucleolar proteins by addition of ATP, but not nonhydrolysablc 
ATP analogues 120 . 

In S. cerevisiae, the constitutively expressed cytosolic hsc70 
proteins Ssalp and Ssa2p are required, together with a separate 
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FIG. 1 Illustration of the proposed roles of stress-70 proteins in eukaryotic cells during the folding 
and membrane translocation of nascent polypeptides, during molecular rearrangements or disas- 
sembly, In protection from stress and in protein turnover. 
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TABLE 2 in vivo roles of protein chaperones 



E. coli 



Photosynthetk; 
bacteria 

Chloroplasts 

Mitochondria 



ER 



Cytosol 



Nucleus 



Target polypeptide 

Secretory precursors 
(0- lactamase. proOmpA, 
prePhoE) 

DNA replication complexes 

Bacteriophage head or tail 
proteins 



Foreign proteins 

P pili in periplasms space 
Rubisco 

Rubisco 

Mitochondrial precursors 
Precursors in matrix 



Nascem secretory proteins 



Mutant or foreign proteins 

Subunits of T ceil receptor 
MHC Class I heavy chains 

Plant storage proteins 



Nascent polypeptides 

Mitochondrial and secretory 

precursors 
Clathrin-coated vesicles 



Aged? proteins 

Steroid receptors 

Retroviral transforming 
proteins 

Actin, tubulin 
Preribo somes 

Histones 



Chaperone 

GroEL 
SecB 

Trigger Factor 

DnaK? 

DnaK/DnaJ 

GroEL/GroES 
Bacteriophage 
scaffolding 
proteins 
DnaK 

PapO 

GroEL/GroES 

RuSBP 
Hsp70 



Hsp60 



BiP 
BIP 

TRAP or p28 
p8d 

b70 (BiP) 

Hsc70(Hsp70?) 
Hsc70(Hsp70?) 

Hsc70 (clathrin 
uncoating 
ATPase) 

Hsc70(Prp73) 

Hsp90 
Hsp90 

Hsp90 

Hsp70/Hsc70 
Nucfeoptasmtn 



Rote 

Antifolding before 
translocation 



Rearrangement of protein 

complex 
Head or tail assembly 



Stabilization of unfofded 

protein? 
Pili assembly 

Oligomer assembly 



Oligomer assembly 

Completion of translocation 
Stabilization of prefolded 

structures in matrix 
Stabilization of prefolded 

structures and folding 
Re-export of precursors to 

intermembrane space 

Completion of translocation 
Stabilization of prefolded 

structures in lumen 
Stabilization of unfolded 

structures? 
Receptor assembly 
Stabilization of newly 

synthesized heavy chains? 
Stabilization of newly 

synthesized polypeptides? 

Stabilization of prefolded 

structures? 
Antifolding before 

translocation 
Binds exposed loop of 

clathrin light chain to 

promote uncoating 
Targeting to lysosomes for 

degradation 
Stabilizes inactive form of 

receptor 
Stabilizes inactive form of 

protein during transit to 

plasma membrane 
Stabilizes protein subunits? 

Protection of heat denatured 

proteins 
Nucleosome assembly 



Reference 

24, 26, 105. 
106, 107. 
115. 194 

72, 116. 117 

96 
110 



114 
118 

82. 188. 192. 
195. 196 

81. 191. 192 

90. 147 
90 

204-206 
204 

138 

3. 23. 89. 
133. 134 
3. 151. 152 

102. 103 
104 

127. 132 
83 

84-86 

91. 92 



94. 95. 124 
178-180 
176. 177 

68 
111 

100. 101 



tt-ethyfmaleimide(NE,Vf )-sensitive cytosolic factor, for mem- 
brane translocation of secretory and mitochondrial 
precursors* 4 " 86 . Consistent with this role is that the synthesis of 
cytosolic stress-70 proteins is induced in yeast cells by the 
accumulation of secretory precursors in the cytoplasm 79 . 
Because in cell-free experiments the need for the stress-70 pro- 
teins can be eliminated by urea-mediated unfolding of 
precursors 84 * 6 , the hsc70 proteins are though to promote a 
translocation competent state by relaxing the tertiary structure 
of the polypeptides or by dissolving aggregates of untranslocated 
precursors 54 \ In vivo, the hsc70 proteins may bind to nascent 
secretory precursors before they fold, maintaining them in a 
translocation-competent state before membrane penetration. 
Both Ssalp and Ssa2p bind ATP with high affinity 84 * 85 , but the 
involvement of ATP during their interaction with secretory pro- 
teins has not been established. In vitro experiments indicate that 
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mammalian hsc70 can function in the same manner as Ssalp 
and Ssa2p to stimulate import of M13 procoat into mammalian 
ER microsomes' 21 . Hsc70 also interacts transiently with newly 
synthesized cytosolic proteins 83 , presumably to facilitate their 
proper folding and subsequent assembly in the cytoplasm. 

In vivo the targets of the cytosolic stress-70 proteins are not 
limited to damaged proteins or nascent polypeptides as hsc70, 
in the form of clathrin-uncoating ATPase 122,1 " also promotes 
the disassembly of clathrin cages by displacing triskelions from 
the clathrin lattice in a process that requires ATP hydrolysis 
and the presence of clathrin light chains (reviewed in ref. 91). 
Transient changes in Ca 2Hh and/or K + concentrations in the 
cytosol surrounding a newly invaginated clathrin-coated vesicle 
apparently cause exposure of a stretch of amino acids (residues 
47-71) in LCj light chains that comprise a binding site for hsc70 
(ref. 92K The interaction between the LQ, peptide and hsc70, 
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which in vitro both aliers the conformation of the hsc70 molecule 
and stimulates its ATPase activity, then initiates the uncoating 
process which proceeds in a cooperative manner. That the hsc70 
binding site on the LC a molecule is cryptic under the ionic 
conditions normally present in the cytosol explains why the 
large cellular excess of hsc70 over clathrin does not lead to a 
permanent state of clathrin disassembly 92 . 

Finally, prp73. a stress-70 family member that is almost cer- 
tainty identical to hsc70, is involved in the lysosomal degradation 
of intracellular proteins** 4 . Prp73 binds peptide sequences 
(KFERQ and related sequences^* 124 ) that target intracellular 
proteins for lysosomal degradation in response to serum with- 
drawal. When lysosomal uptake and degradation of protein 
substrates is reconstituted in vitro, prp73 stimulates degradation 
in an ATP-dependent manner 94 . Serum starvation causes indue- 
tion of prp73. which presumably alters the conformation of 
KFERQ-containing proteins so that they can be translocated 
across the lysosomal membrane. 

Stress-70 in the endoplasmic reticulum. The ER of eukaryotic 
cells contains a roughly 78K member of the stress-70 protein 
family 7 ** 135 * 127 , now named BiP 23 * ftS . In mammalian cells, this 
protein was originally described independently as the immunog- 
lobulin heavy chain binding protein"' 128 , and the glucose-regu- 
lated protein, grp78 (ref. 129). In yeast cells, BiP is the product 
of the KAR2 gene 79 ' 126 , one of a class of genes involved in 
nuclear fusion following mating of yeast cells' 30 ' 131 . Under nor- 
mal growth conditions, BiP is synthesized constitutive))' and 
abundantly and comprises about 5% of the lumenal content of 
the ER of mammalian cells. Its synthesis can be further induced 
by the accumulation of secretory precursors 79 or mutant proteins 
in the ER (refs 78, 132), or by a number of different stress 
conditions 75 that also lead to the accumulation in the ER of 
unfolded polypeptides 7 *. BiP associates transiently with a variety 
of nascent wild -type exocytotic proteins , ' :3, * 9 '* 33JJ4 and more 
permanently with malfolded or unassembled proteins whose 
transport from the ER is blocked 3 - :,,l1 \ Complexes between 
BiP and nascent secretory proteins, isolated from extracts of 
mammalian cells, can be dissociated in vitro by the addition of 
ATP, but not of nonhydrolyzable analogues or ADP (ref. 125). 
BiP, an essential protein in yeast 7 *' l2M?6 , is therefore thought 
to have a role in the folding and assembly of newly synthesized 
proteins in the ER lumen - ' 23,87 ** 8 . Initial suggestions that BiP 
might recognize and retain unfolded proteins in the er 3 - 23 - 87 - 1 -^ 
or target malfolded proteins for destruction 135 are no longer 
tenable. Thus, although unassembled immunoglobulin heavy 
chai ns are secreted if the BiP-binding domain is deleted'" , a 
truncated form of influenza haemagglutinin that does not bind 
BiP is neither secreted, nor degraded more slowly, than other 
transport-defective haemagglutinin mutants that do bind to BiP 
(M. Segal, J.F.S. and M.-J.G., unpublished results). In addition 
to modulating protein folding in the ER lumen, BiP may be 
directly or indirectly involved in translocation of precursors 
across the ER membrane. Yeast cells expressing a temperature- 
sensitive kar2 mutant accumulate secretory precursors in the 
cytosol at the nonpermissive temperature 138 . In addition, KAR2 
interacts genetically with SEC63 ( J. Vogel and M. Rose, personal 
communication), a yeast gene that encodes a transmembrane 
protein required for ER translocation of secretory precursors'^. 
Sec63p spans the ER membrane and extends into the lumen a 
domain containing sequences homologous to DnaJ (ref. 140), 
another heat-shock protein frequently required for OnaK's func- 
tion in E ; co/r 72 n * ,lv . Whether cooperation with DnaJ-related 
proteins is required for the chaperonc activity of all stress-70 
family members remains to be determined. 
Stress-70 in the mitochondrial matrix. Stress-70 proteins have 
been identified in the mitochondria of a number of organisms 
including S. cerevisiae lA \ Euglena gracilis 1 * 2 , Trypanosoma 
cruzei l4} and mammals 1 * 4,145 . The yeast protein (Sscl p) has been 
localized to the mitochondrial matrix*" 1 where it performs an 
essential function, as disruption of the SSCI gene is lethal 146 . 



The amino-acid sequence of Ssclp is more closely related to 
DnaK than are those of the other eukaryotic stress-70 proteins 141 , 
consistent with the presumed endosymbiotic origin of mitochon- 
dria. Studies usiing a temperature-sensitive sscl yeast mutant 90 
demonstrate dual functions for Ssclp thai parallel those sug- 
gested for the ER-located BiP protein. These are involvement 
in translocation of precursor proteins through the lipid bilayer 
at mitochondrial contact sites, and involvement in folding of 
the imported polypeptides in the mitochondrial matrix. The 
translocation defect can be circumvented in vitro by artificially 
denaturing the precursor molecules, allowing investigation of 
events in the matrix of isolated mitochondria containing mutant 
forms of Ssclp. Interestingly, the imported precursors remain 
in an unfolded state and can be isolated in physical association 
with the mutant Ssclp protein. On the basis of these observa- 
tions, Kang et a/. 90 proposed that Ssclp binds the precursor 
polypeptide as it emerges on the matrix side of the translocation 
apparatus in contact sites 9 ', supporting the continuation of 
translocation by 'pulling* the precursor into the matrix space. 
Subsequently, Ssclp would maintain the imported precursor in 
an unfolded state until it is released, possibly in an ATP- 
dependent step, for subsequent folding catalysed by other com- 
ponents in the mitochondrial matrix (see Fig. 2 and discussion 
below of the role of the chaperonin hsp60). The isolation by 
crosslinking of complexes containing a partially translocated 
precursor, a mitochondrial outer membrane protein ( ISP42) and 
Ssclp provides direct evidence that Ssclp can interact with 
polypeptides before the chains have been completely imported 
into the mitochondrial matrix'" 1 \ 

Role of ATP binding and hydrolysis by stress-70 proteins. All 

stress-70 family members bind ATP and a number of them, 
including DnaK (ref. 16), hsc70 (ref. 122) and BiP (ref. 14ft), 
have weak ATPase activities that can be elicited by appropriate 
protein substrates and by some but not all synthetic 
peptides 92 ' 14 *. Adenine nucleotide binding apparently causes 
conformational changes in stress-70 proteins that result in 
altered sensitivity to proteases' 4 * 5 , or in alteration of their 
oligomeric state'™. ATP and ADP differ in their effects. ATP 
protects a roughly 60K fragment of BiP while ADP protects a 
roughly 45 K fragment; ATP stabilizes the monomeric form of 
hsc70 whereas ADP stabilizes the dimer. These consequences 
of ATP binding do not require hydrolysis as the nonhydrolysable 
analogue ATPyS can substitute. B> contrast, addition of ATP, 
but not of nonhydrolysable analogues, to cell extracts causes 
dissolution of complexes between stress-70 proteins and their 
polypeptide substrates, including DnaK and bacteriophage AP 
protein" 7 , hsp70 and heat-shocked nuclei 120 , hsc70 and mutant 
forms of the cellular p53 protein 114 , and BiP and immunog- 
lobulin heavy chains 125 . These observations led Pelham 87,120 to 
propose that ATP hydrolysis causes conformational changes in 
stress-70 proteins that are transmitted to the substrates, promot- 
ing their folding or weakening their interactions with other 
polypeptides. However, it is currently believed that binding of 
stress 70 proteins may simply stabilize unfolded conformations 
of their target polypeptides, preventing the formation of inap- 
propriate intra- or intermodular interactions. Rothman" has 
proposed that ATP hydrolysis, which takes place in vitro with 
a turnover time of about 5 min, provides a timed mechanism of 
release of the stress-70 protein from its substrate, freeing the 
polypeptide to continue the folding process. This turnover time 
could of course be altered in vivo by interactions with other 
cellular components. As discussed earlier, the ATPase activity 
of DnaK can be stimulated 50-fold in the presence of DnaJ and 
GrpE proteins 119 . 

Substrate recognition by stress-70 proteins. The molecular basis 
of substrate recognition by stress-70 proteins remains a matter 
for speculation. Prp73 binds cytosolic proteins that contain 
sequences identical or closely related to the consensus penta- 
peptide KFERQ 94 " 5 * 124 . Other stress-70 family members interact 
with a variety of polypeptides that do not contain any conserved 
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motif, suggesting thai ihcir 'recognition signals' 
do not consist of unique linear amino-acid 
sequences. Despite their broad patterns of 
polypeptide recognition, these proteins are not 
interchangeable. Thus clathrin cages elicit the 
ATPasc activity of hsc70 but not that of BiP 
(ref. M8), and neither DnaK nor BiP can 
replace prp73 in promoting targeting of 
RNAase A for lysosomal degradation^ 4 . 
Evidence is lacking, however, for evolution of 
structural features that limit recognition by 
individual stress- 70 proteins 10 bona fide 
targets, as DnaK will bind cukaryotic cellular 
or viral proteins when they are expressed in £ 
co/i"\ and BiP will recognize bacterial enzy- 
mes or virally encoded nuclear antigens when 
they are artificially introduced into the ER 
lumen by virtue of addition of an A'- terminal 
hydrophobic signal sequence I>I,IS ". Neverthe- 
less, target recognition by these proteins is not 
indiscriminate: many examples exist of authen- 
tic secretory proteins that do not seem to associ- 
ate with BiP. Similarly, higfvaflinity BiP bind- 
ing may be confined to specific domains in 
individual polypeptides. Thus the CH, domain 
of immunoglobutin heavy chain is necessary 
for stable interaction with BiP ( ref. 137), and 
binding of BiP to influenza haemagglutinin is 
apparently limited to sequences in the stem 
domain (M. Segal. J. S. and M.-J.C., unpub- 
lished results). In these cases BiP seems to 
interact with sequences that form subunit inter- 
faces because the CH, domain of the immunog- 
lobulin heavy chain is the site for docking of the light chain 137 , 
whereas the haemagglutinin trimer assembles through coopera- 
tive folding of sequences in the stem domains*" 1 ". Some proteins 
or protein domains may lack appropriate recognition signals 
and never interact with BiP. Alternatively, BiP may be involved 
in (he folding of all nascent molecules in the ER but some 
interactions may be too transient to be detected experimentally, 
possibly because BiP interacts w ith different segments of poly- 
peptides with a spectrum of affinities. In support of this latter 
hypothesis, BiP and hsc70 display marked differences in affinity 
for synthetic peptides as measured in a peptide-dependent 
ATPase reaction 1J< \ In a small set of randomly chosen peptides, 
a range of at least t. 000-fold of Michaelis constant ( K^) values 
was obtained. Unfortunately, no pattern could be discerned that 
correlates any sequence or structural features of the peptides 
with their binding affinities. 

In some cases (notably that of BiP and nascent secretory 
proteins), stress-70 proteins discriminate between folded and 
unfolded polypeptides, showing no propensity to associate with 
native protein structures. In other cases (for example DnaK 
with DNA replication complexes; hsc70 with clathrin cages) 
these proteins interact with apparently fully folded substrates 
and function to alter protein-protein contacts in multisubunit 
complexes. These schemes are not necessarily mutually exclus- 
ive, as DnaK and hsc70 also bind to unfolded polypeptides 73,114 , 
and BiPmay interact with protein components of the ER translo- 
cation system 138 . To unify these observations, Rothman 16 has 
suggested that the stress-70 proteins (and the other chaperones) 
be regarded as polypeptide-chain binding proteins (PCBs) with 
peptide-binding sites that can interact with chain segments only 
when they are part of incompletely folded structures or when 
they extend as loops from otherwise fully folded proteins. This 
hypothesis can explain how stress-70 proteins can interact with 
broad specinciu with unfolded polypeptides whereas individual 
Tolded" proteins (such as clathrin light chains 92 ) can use a bait 
of extended chain to suborn the chaperone activity of a particular 
stress-70 family member to a specific purpose. 
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FIG. 2 Illustration of the proposed roles of hsp70 and chaperontn molecules during the import 
of mitochondrial precursors, their subsequent folding tn the mitochondrial matrix and their 
reexport to the inter membrane space. The diagram is based on Fig. 1 from Neupert er a/, 
{ref. 172) and in addition reflects multiple steps of folding on the chaperonin surface as Suggested 
by Martin et ai (ref. 19QI 



Structural conservation of stress-70 proteins. Members of the 
stress-70 protein family have been highly conserved throughout 
evolution. DnaK, the single stress -70- related protein of E co/i, 
has about 50% amino-acid sequence identity with stress-70 pro- 
teins of eukaryotes lsa , which are encoded by multiple HSP70 
genes that share between 50 and 95% identity at the nucleotide 
level ft *. Comparison of all the known amino-acid sequences of 
stress-70 family members reveals that the N-terminal two-thirds 
(about 450 amino acids) of these proteins are much more highly 
conserved than the C-terminal portions, suggesting a conserved 
domain followed by a variable region 155 * 156 ( Fig. 3a). In addi- 
tion, some stress-70 proteins contain short N-terminal or C- 
terminal extensions required for targeting to, or retention in, 
the appropriate cellular compartment. Thus BiP contains a 
cleavable N-terminal hydrophobic signal sequence specifying 
import into the ER 79 * 125 and a C-terminal telrapeptide (for 
example KDEL in mammalian BiPs, HDEL in yeast BiP) that 
is partly responsible for retention of the protein within the ER 
lumen 137 . Similarly, stress-70 members located in mitochondria 
contain a hydrophilic N-terminal extension required for import 
into that organelle 14 *. 

ATP binding and hydrolytic activity are retained by a roughly 
44K, N-terminal proteolytic fragment of bovine clathrin- 
uncoating ATPase (hsc70), although the ATPase activity is 
uncoupled from its normal dependence on clathrin binding 1 ". 
Similar N-terminal fragments are generated after proteolytic 
digestion of mammalian' 49 and yeast 79 BiP proteins. The three- 
dimensional structure of the N-terminal fragment of bovine 
hsc70 has recently been solved to a resolution of 2.2 A 138 , 
revealing that the ATPase domain consists of two lobes with 
the nucleotide bound at the base of a deep cleft between them 
( Fig. }b). Surprisingly, the folding topology of the hsc70 ATPase 
domain is nearly identical to that of the globular G act in 
monomer, despite there being little sequence homology between 
the two proteins 15 "*. G actin monomers contain one molecule of 
noncovalently bound ATP, which is hydrolysed to form bound 
ADP and inorganic phosphate when G actin polymerizes to 
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form filamentous actin. The tertiary structure of the nucleotide- 
binding core of the hsc70 fragment is also similar to that of 
hexokinase, although the remainder of the structures of the two 
proteins are completely dissimilar 158 . 

The C-terminal domain of hsc70, which has been proposed' 55 
to be the 'specificity' domain that couples binding of target 
proteins to the ATPase activity of the conserved N-terminal 
domain, may 'dock* onto a face of the N-terminal domain that 
is lined with aminoacid residues that are highly conserved 
between stress-70 proteins 158 . Although the structure of this 
portion of the molecule has not yet been determined for any 
stress-70 protein, two groups have now presented hypothetical 
models for the hsc70 C-terminal domain 160 * 161 . Rippman etai 160 
deduced a consensus secondary structure for the C-terminal 
domains of 33 stress-70 proteins and obtained a pattern of helices 
and ^-strands that could be aligned with that of the o-l and 
q-2 domains of the human MHC class I antigen HLA. Flajnik 
et al found that the same domains of an MHC class I protein 
from Xenopus laevis* 62 have a low amount of sequence identity 
with the C-terminal sequences of hsc70 and BiP proteins; they 
then showed that secondary structure predictions and hydro- 
pathy analyses for the corresponding regions yield very similar 
results if a few gaps or insertions are introduced to optimize 
the alignment 161 . These findings prompted both groups to model 
the hsc70 C-terminal domain using the known three-dimensional 
structure of the human class I molecule l6? (Fig. 3c). The putative 
peptide binding cleft in each of the hypothetical structures is 
lined with both hydrophobic and hydrophilic residues. If the 
peptide binding domain of stress-70 proteins does indeed closely 
resemble that of HLA, it is very likely that the polypeptide chain 
would bind in an extended conformation 164 . In fact, preliminary 
studies using NMR (nuclear magnetic resonance) indicate that 
DnaK binds a !3-residue synthetic peptide in a conformation 
that lacks any defined structural features 165 . 
A common mechanism for stress-70 action? From this abund- 
ance of disparate observations on the interaction of stress-70 
proteins with their targets emerges a working model for a com- 
mon mechanism for stress-70 action. Stress-70 proteins interact 
(probably through their C-terminal domains) with unfolded 
segments of polypeptide chain (Fig. 1 ). These unfolded segments 
may be presented either as nascent polypeptides emerging from 
the ribosome or from the lipid bilayer after membrane trans- 
location, as sequences exposed by partial protein denaturation 
following an environmental stress, or as peptide loops extended 
from an otherwise native protein molecule. Sequence variability 
in the C-terminal domains of different family members may 
determine differences in the specificity of stress-70-pcptide inter- 
actions. Although the basis for this specificity is not understood 
in any detail, it is likely that each stress-70 protein binds different 
polypeptide segments with a wide spectrum of affinities. Low- 
affinity binding may be reversed quickly and spontaneously, 
whereas release of peptide segments that are bound with high 
affinity may involve ATP hydrolysis mediated by the N-terminal 
domain of the stress-70 protein, or be effected through interven- 
tion of another cellular component (for example DnaJ, the 
NEM-sensitive factor, or both). Once released, the polypeptide 
chain has the opportunity to complete its folding by forming 
intramolecular interactions, or to assemble into oligomeric struc- 
tures with nearby polypeptide chains, or to engage with the 
appropriate membrane translocation machinery or with another 
chaperone such as hsp60 (see below). If such interactions are 
not formed rapidly, stress-70 proteins, which are present at high 
concentration, may rebind and again stabilize the unfolded 
protein. During each interval of release, the polypeptide may 
either fold productively or form nonproductive intra- or inter- 
molecular interactions yielding misfotded or aggregated 
molecules. It seems that the amino acid sequences of wild-type 
proteins have evolved such that, under normal physiological 
conditions, productive folding or rebinding to stress-70 
molecules are more likely events than misfolding. Thus wild-type 
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polypeptides can be maintained in an assembly competent state 
for very long periods in the absence of their appropriate 
homologous or heterologous partner subunits. Similarly, cycles 
of binding, release and rebinding will extend the period of 
interaction of strcss-70 proteins with polypeptides that are 
unable to fold productively. Sequence alterations (amino-acid 
substitutions, deletions or insertions), aberrant post-transla- 
tional modification (for example glycosylation) or conditions 
of stress (high temperature, altered redox potential, decreased 
CV* concentration) would pertub the normal folding pathway 
and increase the probability of misfolding. In such circumst- 
ances intervention by stress-70 proteins may be able lo delay, 
but not prevent, the formation of misfolded and/or aggregated 
structures that are dead-ends off the folding pathway. This 
aberrant folding could result in occlusion of the available sites 
on the polypeptide for the stress-70 protein, rendering the 
chapcrone's 3ction less effective. Such subsioichtometric bind- 
ing of BiP to aggregates of nonglycosylated haemagglutinin 
molecules has been observed in in vivo experiments' 35 . 

It is obvious that any increased probability of misfolding 
could be reversed by increasing the local concentration of stress- 
70 protein, and it is equally clear that the cell has evolved 
mechanisms to sense increased amounts of nascent or unfolded 
proteins in different cellular compartments and to respond by 
inducing the transcription of the appropriate stress-70 gene. For 
e>ample, in E. coli accumulation of unfolded proteins causes 
increased synthesis of DnaK (and other heat-shock 
proteins) 113166 . In eukaryotic cells, accumulation of unfolded 
proteins' 6 or secretory precursors 7 * in the cytosol results in 
induction of hsp70 and/or hsc70 proteins, whereas accumula- 
tion of unfolded proteins in the ER causes induction of BiP 78,7 *. 
Increased concentrations of individual, constitutively expressed 
stress-70 proteins can be achieved by accelerating their rates of 
synthesis; in cases where closely related family members can 
perform the same or similar tasks 167 , synthesis of the constitu- 
tively expressed proteins may be augmented by de novo induc- 
tion of closely related family members. In no case do we yet 
understand the nature of the induction signal generated by 
the presence of unfolded proteins or the pathways of their 
transduction to the nucleus (across the ER membrane in the 
case of BiP). 

Finally, it has been suggested that stress-70 proteins assist 
correct polypeptide folding not only through their ami -folding* 
function but also by disentangling malfolded or aggregated 
proteins using the energy released during ATP 
hydrolysis* 7 ''- 01 * 8 . In cell-free translocation studies, precursors 
that have acquired defined structures after in vitro translation 
require unfolding for import into mitochondria 2169 - 171 or ER 
microsomes 84,85,121 . As translocation in these systems is depen- 
dent on the presence of stress-70 proteins 84 " 8612 * and ATP ,2,J *°, 
it was suggested that the stress-70 proteins might be supplying 
the unfolding activity. But it is now thought 172 that ATP hydro- 
lysis may be required to release bound cytosolic stress-70 pro- 
teins and that the unfolding activity observed in cell-free extracts 
may be supplied by other components, such as the NEM- 
sensitive factor 86,121 or proteins present on the mitochondrial 
surface 172 . The only stress-70 protein for which unfolding 
activity has been directly demonstrated in vitro is DnaK which 
can dissolve aggregates of heat-inactivated RNA polymerase 93 * 
This process, which is dependent on the presence of hydrolys- 
able ATP, requires at least stoichiometric amounts of DnaK. It 
is therefore possible that rather than actively unwinding the 
polypeptide chains in a catalytic process, DnaK might bind to 
peptide loops that are transiently exposed during 'breathing* of 
the structures of the malfolded proteins and, in a mechanism 
that parallels its putative role during normal folding, stabilize 
the polypeptide chain in a state competent for subsequent refold- 
ing to the correct conformation. ATP hydrolysis would then be 
required to promote release of DnaK to allow the polypeptide 
lo continue the folding process. 
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The stress-90 protein family 

Stress-90 proteins constitute a second major family of stress 
proteins (Table 1) whose members are present in all prokaryotic 
and eukaryotic organisms so far tested (reviewed in ref. 68). 
Members of the family show sequence conservation similar to 
that of the stress-70 family, there being greater than 40% identity 
between the various eukaryotic stress-90 proteins and the E. coli 
homologue HtpG. These proteins are present in high abundance 
under normal growth conditions, but can be further induced by 
heat shock or other forms of stress. They are less numerous than 
the slress-70 proteins, there being only one member of the 
family in £. coli and D. metanogaster, and two members in 
S. ceretrisiae that differ in their constitutive level and degree of 
itlducibility* 8 - Vertebrate cells contain an additional stress-90 
protein, variously name grp94 (ref. 173), ERp99 (ref. 174) 
or endoplasmic 5 , which like BiP in the stress-70 family is 
synthesized as a precursor that contains an N-terminal 
signal sequence for ER translocation and a C-terminal 
KDFX tetrapeptide. 

The cytosolic stress-90 proteins, whose apparent M f s vary 
from 87-92 K, associate with a diverse range of cellular proteins 
including retroviral transforming proteins, steroid hormone 
receptors, cellular protein kinases, actin and tubulin (reviewed 
in ref. 68). The common feature of these interactions seems to 
be the stabilization of the target proteins in an inactive or 
unassembled state. Thus the association of monomeric hsp90 
{and an unidentified 50K phosphoprotein) with pp60* rc immedi- 



ately after its synthesis stabilizes the transforming protein in an 
inactive state until it reaches its appropriate destination at the 
plasma membrane 176,1 ". Concommitant with its release from 
association with hsp90, pp60 irc is phosphorylated on tyrosine, 
inserted into the plasma membrane, and activated as a kinase. 
Hsp90 is involved both in the initial folding of steroid hormone 
receptors 178 and in subsequent modulation of their DNA binding 
and transcriptional regulatory activities 179 . Thus, a po receptors 
synthesized in the absence of hsp90 lack transcriptional 
enhancement activity and responsiveness to hormonal activa- 
tion. Under normal conditions, newly synthesized a po receptors 
form a complex with a dimer of hsp90 in which the receptor is 
stabilized in a partially unfolded conformation that is unable 
to bind DNA (ref. 180). Binding of steroid hormone promotes 
dissociation of hsp90 from the complex and allows the receptor 
to bind DNA. When hsp90 is removed from the complex using 
high salt or temperature, the interaction of the receptor with 
DNA is unregulated, occurring in the presence or absence of 
hormone. Although binding of hsp90 has been mapped to a 
stretch of about 80 residues in the hormone binding site on the 
steroid receptor' 80 * 182 , the features that determine the specificity 
of binding and release of target polypeptides by members of 
the stress-90 family are not understood. The hsp90 binds ATP 
in a cation-dependent manner and undergoes autophosphoryla- 
tion ifl3 . But by contrast to stress-70 proteins and the chaperonins 
(see below), stress-90 proteins do not seem to catalyse the 
hydrolysis of ATP. 
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3 Structure of stress-70 proteins, a. A linear diagram of a generalized 
stress-70 protein indicating two major domains: a highly conserved N- 
lerminal domain that has ATPase activity and a less conserved C-terminal 
peptide -binding domain 155 . Some stress-70 proteins also contain short 
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N-terminal extensions required for targeting to the ER 79:125 or mitochon- 
dria 1 * 1 . BiP also contains a C-terminal tetrapeptide involved in retention of 
the protein in the ER (ref. 157). b. The three-dimensional structure of the 
N-terminal fragment of hsc70 (reproduced with permission from ref. 158) 
reveals that the ATPase domain consists of two structural lobes with the 
nucleotide bound at the base of a deep cleft between them. c. Possible 
structure of the C-terminal peptide binding domain of hsc70 {reproduced 
with permission from ref. 161) based on the known three-dimensional 
structure of the human MHC class I antigen H_A iref. 163). 

AX 



REVIEW ARTICLE 



Nothing is known about the function of grp94, one of the 
most abundant proteins resident in the ER lumen. Like BiP, 
grp94 is induced by the accumulation of unfolded proteins in 
the ER (ref. 78), suggesting that it may function with BiP to 
assist the assembly of nascent polypeptides. Several abundant 
ER-resident proteins, including grp94 and BiP, are high capac- 
ity, low-affinity Ca 2+ -binding proteins 1 * 4 , but the functional 
significance of this property is not understood. 

The GroEL/chaperonin family 

The term chaperonin was suggested by Ellis 81 10 describe a class 
of molecular chaperones that are homologous in structure lo E 
coli GroEL Members of this protein family are present in all 
prokaryotes and in those organelles of eukaryotic cells, such as 
mitochondria and chloroplasts, that have a probable endosym- 
biotic origin (Table I ). These proteins, which have been renamed 
chaperonin-60 (ref. 82), are large oligomers composed of 14 
subunits each about 60 IC, arrayed as two stacked rings of seven 
subunits 18 ** 1 * 6 . In E coli, GroEL interacts functionally in an 
ATP-dependent manner with GroES (ciiaperonin-10), a roughly 
10K polypeptide that forms a single ring of seven subunits and 
is the second product of the GroE operon (reviewed in ref. 96). 
In the absence of unfolded protein substrates, the inherent 
ATPase activity of GroEL is inhibited by GroES 187188 . 
Mitochondria of mammalian cells contain a polypeptide that is 
structurally and functionally homologous to GroES (ref. 189, 
and P. Viitanen, unpublished results). 

Remarkably, the general features of the interactions of 
chaperonin-60 molecules with their target polypeptides are very 
similar to those of stress-70 proteins, despite great differences 
in their sequences and oligomeric structures (for recent reviews 
and references see 67, 72, 96, 190-192). Thus both types of 
chaperones are highly abundant proteins whose rate of synthesis 
can be further induced by environmental stresses such as heat 
shock. Members of both families have been implicated in the 
assembly of nascent protein subunits into macromolecutar struc- 
tures, as well as in a number of other fundamental cellular 
processes. Chaperonin-60 molecules, like stress-70 proteins, 
bind ATP with high affinity and have weak ATPase activity and 
both types of proteins in some circumstances function together 
with other heat-shock proteins or cellular factors. Most impor- 
tantly, both seem to act on their targets by stabilizing the confor- 
mation of folding intermediates, thereby preventing the forma- 
tion of aberrrant structures and directing the polypeptides down 
biologically productive assembly pathways. 
GroEL. In E coli, GroEL and GroES are abundant heat-shock 
proteins that are also required for viability under normal growth 
conditions 75 . GroE mutants have phenotypes reminiscent of 
those of DnaK mutants 72 . Thus mutants lacking either GroEL 
or GroES have reduced rates of DNA and RNA synthesis, are 
blocked in cell division at nonpermissive temperatures, and 
show a reduction in overall protease activity. The GroE proteins 
are also required for bacteriophage morphogenesis in E. coli 
Overproduction of both GroEL and GroES, but not of either 
alone, can suppress temperature-sensitive mutations in a large 
number of different genes 1 * 3 apparently by promoting the correct 
folding or assembly of the mutant polypeptides. Like stress-70 
proteins, the GroE proteins also have a role in secretion. In 
bacterial cell-free protein translocation reactions, GroEL binds 
newly synthesized secretory precursors stabilizing them for 
membrane transit 24 . In vitro, GroEL forms complexes with 
unfolded precursors of several secretory proteins including 0- 
lactamase, proOmpA and prePhoE 2 ** . In vivo t GroEL is 
required for export of 0- lactamase but not other secretory pre- 
cursors 194 , perhaps because other prokaryotic chaperones such 
as trigger factor and secB function in its place 26 . Finally, overpro- 
duction of GroEL in E coli can facilitate the export of laeZ 
hybrid proteins 115 . 

Insight into the mechanism of action of the E coli GroF 
proteins has come from studies of their role in promoting 



the folding and/or assembly of a number of enzymes, 
including prokaryotic ribulose bisphosphate carboxylase 
(Rubisco)* 2 - 1 ^ 1951 '*, pre-j3- lactamase 197 , citrate synthase 198 , 
dihydrofolate reductase l9fc * 19 * and rhodanese ,99 ' :o6 , and of 
GroEL itself 201 . Partially folded protomers of these proteins 
form stable binary complexes with GroEL, in a process that 
competes both with biologically unproductive aggregation of 
the polypeptide chains and with their spontaneous refolding. 
GroEL does not interact with native proteins or with irreversibly 
denatured and aggregated molecules, but rather binds to labile 
folding intermediates likely to correspond to 'molten 
globules 114 * 15 or 'compact intermediates* 13 . In the absence of 
GroES, hydrolysis of ATP by GroEL promotes the discharge 
of the binary complex to release partially folded but catalytically 
inactive polypeptides. Whether release results in the generation 
of native, enzymaticaliy active molecules depends on the nature 
of the polypeptide substrate and is related to the propensity of 
each polypeptide chain to fold spontaneously under the reaction 
conditions employed. If GroEL is available for rebindtng after 
release, aggregation or continued folding of the polypeptides 
will be inhibited or delayed 199 . In the presence of GroES, ATP 
hydrolysis-dependent folding occurs at the surface of GroEL 
through intermediate conformations that are progressively more 
compact but still enzymaticaliy inactive 199 . Finally, the polypep- 
tide is released from the complex in a form that is apparently 
committed to completion of folding to the native state. In every 
case studied the overall effect of the coordinated action of the 
two GroE proteins is to increase the efficiency of refolding 
compared with that of the spontaneous process. But how the 
presence of the chaperontns influences the rate of the folding 
reaction varies significantly from protein to protein. Thus the 
rate of folding of Rubisco is enhanced 1 0-fold relative to the 
spontaneous process 188 , whereas the rates of folding of citrate 
synthase' 98 and pre-0- lactamase' 97 are unchanged, and those 
of DHFR and rhodanese 199 are decreased. These differences are 
likely to be related to how the specific interaction between the 
polypeptide chain and the chaperonin promote or interfere with 
rate-limiting intramolecular interactions that normally take 
place during the spontaneous folding process. 

No more than one or two molecules of unfolded polypeptide 
are bound to each oligomeric assembly of 14 GroEL 
molecules 26 -' 97,199 . This stoichiometry might suggest that the 
GroEL protomers in each heptameric ring, or in the 
tetradecamer, interact to form a single binding site. Alternatively, 
steric hindrance could limit the access of more than one or two 
protein molecules to 14 identical sites located in or near the 
hole in the centre of the doughnut-shaped structure 185,186 (Fig. 
4). A polypeptide could then be bound at up to 14 sites, each 
of which is capable of interacting with one of the multiple 
recognition motifs that may be exposed on a partially folded 
polypeptide. This second possiblity is compatible with the sug- 
gestion that, in the presence of GroES, the folding of DHFR 
and rhodanese on the surface of GroEL occurs by progressive, 
ATP hydrolysis-dependent release of different portions of the 
bound polypeptide 199 . The role of GroES would then be to 
modulate or coordinate the ATPase activity of each GroEL 
protomer, perhaps to prevent all sites discharging simul- 
taneously leading to premature release of an only partially folded 
molecule 109 . Overall the result of the interaction between GroEL 
and GroES would be to prolong contact between the chaperonin 
complex and its substrate as long as the polypeptide exposes 
structures recognized by GroEL, 

Plastid Rubisco subuni t binding protein (RBP). The chaperonin-60 
present in chloroplasts of higher plants is a nuclear-encoded 
protein first identified because of its involvement in the assembly 
of the hetcro-oligomeric plant Rubisco 8l ' m ' 192 . In contrast to 
GroEL and mitochondrial hsp60s, each of which contain only 
one type of 60K subunits, RBP consists of two distinct but 
related subunits, a (61 K) and /J (60K), probably arranged as 
two layers of seven monomers each 81 . The wheat Rubisco small 
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subunit expressed in E cofi associates with GroEL, providing 
evidence for functional homology between GroEL and wheat 
RBP, which have 46% identity in amino-acid sequence. As 
several polypeptides associate with RBP after import into iso- 
lated chloroplasts 25 it seems likely that further studies will 
demonstrate the involvement of RBP in the assembly of plastid 
macromolecules other than Rubisco. 

Mitochondrial hspOO. Mitochondria from Tetrahymena, yeast, 
maize, Xenopus and human cells also contain proteins that are 
related structurally and immunologically to the GroEL 
protein 185 * 02 . A nuclear gene ( HSP60 or MIF4) encodes the 
mitochondrial homologue in S. cerevisiae (hsp60) 2O \ which dis- 
plays 54% and 43% amino-acid identity, respectively, with 
GroEL and the a component of chloroplast RBP. Hsp60 is 
expressed constitutively and is localized in the mitochondrial 
matrix 204 . In cells expressing a mutant (mif4) form of hsp60, 
subunits of mitochondrial enzymes fail to assemble into the 
appropriate macromolecular complexes despite being translo- 
cated into the mitochondrial matrix and undergoing normal 
processing in that compartment 204 . This is the case not only for 
proteins normally destined for the matrix, such as the /3-subunit 
of F,-ATPase and hspoO itself 205 , but also for proteins with 
complex presequences, such as cytochrome b 2 and the Rieske 
Fe/S protein, whose final destination is the intermembrane 
space. These latter proteins accumulate as incompletely pro- 
cessed import intermediates 204 . Hsp60 has been directly impli- 
cated in folding of proteins in the mitochondrial matrix 206 . When 
assembly of precursors imported into wild-type mitochondria 
is arrested by depiction of ATP, by NEM treatment , or at low 
temperature, the unfolded polypeptides are associated with 
hspoO in a high-M r complex. Addition of ATP allows at least 
partial refolding of the polypeptides but docs not promote their 
release from the complex. An unidentified factor seems to be 
required for the release reaction. Fig. 2 illustrates our current 
view of the role played by stress- 70 and chaperonin molecules 
during the translocation and folding of polypeptides imported 
into mitochondria. 





FIG 4 Hypotnetlcal mode* 
of the GroEL chaperonin 
structure reflecting mul- 
tiple binding sites for a 
single polypeptide chain. 
The oligomer ic structure is 
shown in views from the top 
ano 1 the side. The small 
corkscrews represent a- 
helices that may be recogni- 
tion elements for binding to 
GroEL; the larger cork- 
screws represent general 
secondary structures in the 
bound polypeptide. 
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Mechanism of action of chaperonins? Although the broad 
features of the interaction of chaperonins with their polypeptide 
substrates have been illuminated by in vitro studies with GroEL 
and GroBS (see above), many questions remain concerning the 
molecular details of the mechanism by which chaperonins 
promote protein folding and assembly. The quaternary struc- 
ture of chaperonin oligomers has been revealed by electron 
microscopy 185186 , but nothing is known about the tertiary struc- 
tures of chaperonin-60 or chaperonin- 10 protomers or how they 
interact in the complex. Nor do wc understand how chaperonins 
recognize their target polypeptides. The available evidence sug- 
gests that chaperonin-60 molecules bind to structural elements 
that are displayed by compact folding intermediates of a broad 
range of polypeptide substrates but absent or inaccessible in the 
native or aggregated forms of these proteins. The nature of these 
structural elements is not yet known, although preliminary 
experiments using NMR indicate that GroHL binds synthetic 
peptides that have the potential to form amphipathic a 
helices 207 . It will be important to learn whether chaperonin-60 
molecules, like stress-70 proteins, display marked sequence 
specificity for binding. If so, recognition motifs on a folding 
protein may have evolved with a hierarchy of affinities that 
directs their order of release from the chaperonin complex. If 
so, rather than facilitating folding in a merely permissive fashion, 
the interaction between chaperonin and substrate may influence 
the pathway and the kinetics of the folding process. Finally, we 
need to understand the role that ATP hydrolysis plays in the 
folding and/or release of bound polypeptides and the manner 
in which chaperonin-10 regulates both this ATPase activity and 
the release reaction. 

Roles of chaperonins and stress-70 proteins 

Although stress-70 proteins and chaperonins share many com- 
mon features in their modes of action, they do not perform 
interchangeable roles. Despite their coexistence in bacteria and 
in mitochondria and plastids of eukaryotic cells, each type of 
chaperones is independently essential for cell viability. 

In mitochondria, both types of chaperones interact with 
unfolded or prefolded molecules: hsp70 molecules associate 
with imported polypeptides even before their translocation is 
completed 147 , whereas hsp60 molecules become involved at a 
later stage**'* 04 . It is therefore possible that stress-70 molecules 
interact with less folded structural elements (perhaps segments 
of extended polypeptide chain 16 ), whereas chaperonin-60 
molecules associate with structural features common only to 
folding intermediates 196 . Interestingly, two-dimensional NMR 
studies reveal that a synthetic peptide is bound by DnaK in an 
extended form, and by GroEL in an a-helical conformation 165 . 

Third, the two types of chaperones seem to play different 
roles during the process of polypeptide folding. Thus stress-70 
molecules are thought to stabilize unfolded forms of their sub- 
strates; folding is envisaged as occurring after release from the 
chaperone. On the other hand, at least partial folding of poly- 
peptides may take place on the surface of chaperonin-60 
oligomers s ** IOQ * 206 . This distinction may be a consequence of the 
dramatic difference in the oligomeric state of the two types of 
molecules. Stress-70 proteins are thought to contain a single 
peptide-binding site and to associate as monomers with their 
target polypeptides 91 . Therefore, any folding step that is 
inhibited by chaperone binding must occur after dissociation 
of the complex. By contrast, the functional form of the 
chaperonin-60 molecule is an oligomer of 14 subunits, which 
apparently binds no more than 1 or 2 target polypep- 
tides 2t>,ig " ,<>v . Multivalent binding of a protein to the 
chaperonin-60 oligomer would allow release and partial folding 
of one portion of the chain while the polypeptide remains 
attached at other sites, The extent of folding of any protein on 
the chaperonin-60 surface might then depend on the role in the 
folding process of the portion of the chain that is bound with 
highest affinity. 
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Fourth, although stress-70 proteins such as DnaK- and hsc70 
are known to interact both with unfolded polypeptides and with 
protein oligomers (such as replication complexes or clathrin 
triskelions), evidence is lacking for any in vivo role for 
chaperonins in the rearrangement of oligomeric complexes. 

Finally, although stress-70 and chaperonin-60 molecules func- 
tion alongside each other in bacteria and in the matrix of 
mitochondria and plastids, chaperonins have not been identified 
in other compartments of eukaryotic cells. Whether stress-70 
family members manage alone in supporting polypeptide folding 
and assembly in those compartments, or whether other proteins 
fulfil the function of the chaperonins remains to be determined. 

Future directions 

We now appreciate that chaperones are involved at alt stages 
of cellular metabolism, during protein biosynthesis and matur- 
ation, in protection from environmental stress, in rearrange- 
ments of cellular macromolecules during functional cycles of 
assembly and dissassembly, and finally in targeting proteins for 
degradation. Much progress has been made in characterizing 
chaperones that are members of three families of major stress 
proteins, and in identifying a number of unrelated proteins that 
also regulate or facilitate polypeptide folding in the cell. The 
major challenge now lies in elucidating the specific molecular 
mechanisms by which chaperones recogni2e their target proteins 
and promote, inhibit or reverse folding and assembly. 

Although acceptance of the involvement of chaperones has 
required some revision of long-held views about the spontaneity 
of the process of protein folding, there was less resistance to a 
role during folding for enzymes such as PDI and the PPIases. 
Despite advances in our understanding of their mechanisms of 
action, important questions remain to be answered about the in 
vivo function and substrates of these enzymes and of a variety 
of newly discovered related proteins. D 

Mary-Jane Ge thing and Joseph Sambrook are at the Department of Bio- 
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Ridges, hotspots and their interaction as 
observed in seismic velocity maps 

Yu-Shen Zhang* & Toshiro Tanimoto 

Seismotogical Laboratory, 252-21. California Institute of Technology. Pasadena, California 91125. USA 



A new global S-wave velocity model reveals that 
although mid-ocean ridges and hotspots are both 
underlain by low- velocity anomalies in the mantle, 
these have distinctly different structures. This 
implies that there are differences between the 
upwelling mechanisms under ridges and under hot- 
spots. The velocity model also shows that there 
may be interactions between ridges and hotspots 
near Afar and St Helena. 



Ridges and hotspots are two main forms of upwelling from 
the interior of the Earth and are essentia! features of global 
tectonics. In ocean basins, they are the dominant modes of 
igneous activity, and are known to produce magmas of differing, 
although sometimes overlapping, geochemistry 1 . The mechan- 
isms operating below these features have been inferred from 
surface observations, including geochemical, topographic and 
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geoid data, and theoretical models based on gross structure and 
evolution of the mantle 2 * 5 . Seismic data provide critical informa- 
tion for understanding these features from maps of three- 
dimensional (3D) structure. On a local scale, seismic techniques 
have been successful, for example, in constraining the size of 
magma chambers under ridges 6 , but such studies are restricted 
to particular areas where dense observations have been made. 

We have obtained a new global, 3D S-wave velocity model 
for the upper mantle by analysis of travel times of long-period 
Love and Rayleigh waves { 75-250 s) using -18,000 seismo- 
grams. It is now becoming possible for global seismic studies 
to detect seismic velocity anomalies caused by various tectonic 
features (as opposed to purely long-wavelength variations), and 
to make comparisons between regions in order to understand 
the underlying mechanisms. Details of the data analysis and 
S-wave velocity structure are reported elsewhere 7,8 . Here we 
focus on S-wave velocity variation under ridges and hotspots. 

Long-wavelength features of the new model arc similar to 
previous global, 3D seismic models 9 " 14 . But previous models 
were represented by spherical harmonic expansion only up to 
angular degrees 6-10, with horizontal resolution lengths of 
4,000-6,000 km. The chief advance of our model, which is expan- 
ded up to degree 36, is a considerable improvement in the 
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